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FOREWORD

This guide was devel oped for use by comunity officials, property
owners, developers, surveyors, and engineers who may need to
determ ne Base (100-year) Flood El evations (BFEs) in special flood
hazard areas designated as approximate Zone A on the Federal
Emer gency Managenent Agency's Flood |nsurance Rate Maps published
as part of the National Flood Insurance Program One of the
primary goals of this docunent is to provide a neans of determ ning
BFEs at a m ni nal cost.

The guidance provided herein is primarily intended for wuse in
riverine and | ake areas where flow conditions are fairly uniform
and do not involve unusual flow regines (rapidly varying flow, two-
di nensional flow, supercritical flow, hydraulic junps, etc.).

This guide is not to be used for areas that experience alluvial fan
flooding or areas that contain characteristics of alluvial fan
f 1 oodi ng. In addition, this guide is not to be used in Zone V
(velocity) areas or coastal Zone A areas that are subject to
flooding due to storm surge from hurricanes and other coastal
st orns. Furthernore, guidance on determ ning regul atory fl oodways
is not provided in this guide.

Not es on the . PDF version of the Zone A NManual

Appendices 8 and 9 (hand calculations) were not included in the
.PDF (Internet) version of this Manual. The information was not in
a text format. The scanned inages of Appendices 8 & 9 would have
made the file size of this docunment nuch larger. To keep the file
size down they were omtted.
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. 1 NTRODUCTI ON

This guide is primarily intended to assist l|local comunity
officials in admnistering and enforcing the floodplain
managenent requirenents of the National Flood Insurance
Program (NFIP). This docunent provides guidance for
determ ni ng Base (100-year) Fl ood El evations (BFEs) in special
fl ood hazard areas that have been identified and desi gnated as
approximte Zone A on a community's NFIP naps. Zone A
identifies an approxi mately studied special flood hazard area
for which no BFEs have been provided. Al though BFEs are not

provi ded, the community is still responsible for ensuring that
new devel opnment w thin approxi mate Zone A areas is constructed
using nmethods that will mnimze flood danmages. This often

requi res obtaining or calculating BFEs at a devel opnent site.

Devel opers, property owners, engineers, surveyors, and others
at the local Ievel who may be required to devel op BFEs for use
in approxinmate Zone A areas should also find this guide

useful. Included in this guide are mnethodol ogi es that can be
used to develop BFEs, which can be used to determne the
el evation or floodproofing requirenments for buildings. The

detail ed nethodol ogies described in this guide can also be
used to develop the BFE information necessary to obtain a
Letter of Map Amendnent or a Letter of Map Revision Based on
Fill from the Federal Energency Managenent Agency (FEMA) to
renove a legally defined property or structure from a speci al
fl ood hazard area. In addition, Letter of Map Revision
requestors may use the detailed nethods in this docunent to
devel op the BFE information that nust be submtted to FEMA to
denonstrate that an area will not be flooded during the 100-
year fl ood.
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NATI ONAL FLOCD | NSURANCE PROGRAM BACKGROUND

In 1968, the United States Congress passed the National Flood
| nsurance Act, which created the NFIP. Congress recogni zed
that the success of this program required that comunity
participation be w despread, that studies be conducted to
accurately assess the flood risk wthin each participating
fl ood-prone comunity, and that insurance premum rates be
est abl i shed based on the risks involved and accepted actuari al
princi pl es. To neet these objectives, the 1968 Act called
for: 1) the identification and publication of information
within five years for all floodplain areas that have specia
fl ood hazards; and 2) the establishnment of flood-risk zones in
all such areas to be conpleted over a 15-year period foll ow ng
t he passage of the act.

Wthin the first year of NFIP operation, it becanme evident
that the tinme required to conplete the detailed flood
i nsurance studies would nmarkedly delay inplenentation in many
fl ood- prone conmunities. As a result, an interim nmeans for
nore rapid community participation in the NFIP had to be
pr ovi ded. The Housing and Wban Devel opnent Act of 1969
expanded participation by authorizing an Enmergency Program
under which insurance coverage could be provided at non-
actuarial, federally-subsidized rates in Ilimted anounts
during the period prior to conpletion of a comunity's flood
i nsurance st udy.

Until engineering studies could be conducted for these
communi ties, Flood Hazard Boundary Maps, such as the one shown
in Figure 1, "Flood Hazard Boundary Map," which delineated the
boundari es of the comunity's special flood hazard areas, were
prepared using available data or approximte nethods. The
Fl ood Hazard Boundary Maps identified, on an approxinate
basis, the areas within a community subject to inundation by
the 100-year flood (i.e., Zone A). The 100-year flood has a
one- percent chance of being equalled or exceeded in any given
year. The Flood Hazard Boundary Map was intended to assi st
comuni ties in managi ng fl oodpl ai n devel opnent, and i nsurance
agents and property owners in identifying those areas where
t he purchase of flood insurance was advi sabl e.

The Flood D saster Protection Act of 1973, which al so anmended
the 1968 Act, required that flood-prone comunities be
notified of their flood hazards to encourage program
participation. This notification was acconplished through the
publication of Flood Hazard Boundary Maps for all comunities
that were identified as containing flood hazard areas. In
addition, the 1973 Act required the purchase of flood
i nsurance by property owners who were being assisted by

I1-1
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Figure 1 - Flood Hazard Boundary Map

Federal prograns, or by Federally supervised, regulated, or
insured agencies or institutions, in the acquisition or
i nprovenent of land or facilities |located, or to be |ocated,
in special flood hazard areas. This act also severely limted
Federal financial assistance in the flood hazard areas of
communi ties which did not join the NFIP.

The initial Flood Hazard Boundary WMps for comunities
identified as having flood hazards were prepared using
avai l abl e fl oodplain data contained in reports devel oped by a
variety of Federal, State, and |ocal sources. For those
comunities that had no available flood information,
approxi mate hydrologic and hydraulic nethods or historical
flood data were used to determne the extent of the special
fl ood hazard areas.

Fl ood Insurance Studies that wused detailed hydrologic and
hydraul i c anal yses to devel op BFEs and desi gnate fl oodways and
risk zones were subsequently developed for nost NFIP
conmmuni ti es. The results of a Flood Insurance Study were

11-2
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issued to the community in the formof a Flood Insurance Rate
Map (FIRM, such as the one shown in Figure 2, "Flood
| nsurance Rate Map," and, in nost cases, a Flood Boundary and
Fl oodway Map and a Flood I|nsurance Study report. Once nore
detailed risk data were provided, the community could enter
the Regular Program whereby nore conprehensive floodplain
managenent requirenents were inposed and higher anounts of
i nsurance coul d be purchased by owners of structures.

ZONEA | [CZEET

LIMIT OF = o=
DETAILEDSTUDY] |5 B&EE

9
d“ﬁpa

AT
g T LemomONp gu nge ALy
R TR
1 USRS
LI sty v

N

LIMIT OF
DETAILED STUDY _

LIMITS

Figure 2 - Flood Insurance Rate Map

As early as 1976, FEMA recognized that some comunities did
not require a detailed Flood I|Insurance Study because there
were few existing buildings in the floodplain and m ninal
devel opnent  pressure. Shortly thereafter, FEMA began
utilizing a special conversion process whereby comunities
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were converted to the Regular Program wthout a Flood
| nsurance St udy. Consequently, these comunities were
converted using FIRVM in which all of the special flood hazard
areas were designated as approxi mate Zone A, w thout BFEs.

Al t hough over 10,000 communities have now been provided
detail ed Flood I nsurance Studies and issued FIRMs that include
BFEs, many floodplains are still designated as approxinate
Zone A without BFEs. Due to the costs of devel oping detail ed
risk data, areas not subject to devel opnent pressure are
studi ed using approxinmate nethodologies and continue to be
shown on the FIRM as approximate Zone A areas. FENMA only
provides BFEs for the floodplains of those flooding sources
that are currently subject to developnent pressure or are
projected at the initiation of a Flood I|Insurance Study or
Fl ood Insurance Study restudy to be subject to devel opnent
pressure during the imediate future. Generally, a planning
period of approximately five years is used. Even in these
cases, BFEs are provided on a priority basis due to funding
constraints. The community plays a mjor part in the
determnation of the level of detail required in the study of
sel ected streans. As a result, nost comunities wll have
FIRME that include special flood hazard areas for flooding
sources that have been studied in detail with BFEs and speci al
fl ood hazard areas for flooding sources that have been studied
using approxinmate nethods, and have been designated as
appr oxi mate Zone A

I1-4
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APPL| CABLE  NATI ONAL FLOOD | NSURANCE  PROCGRAM
FLOODPLAI N MANAGEMENT REQUI REMENTS | N APPROXI MATE
ZONE A AREAS

The primary requirenent for community participation in the
NFI P is the adoption and enforcenent of floodplain nanagenent
regulations that neet the mninmum standards of the NFIP
regulations in Title 44 of the Code of Federal Regulations
(CFR) Section 60.3. These m nimum standards vary dependi ng on
the type of flood risk data provided to the community by FENVA
The intent of floodplain nanagenent regulations is to mnimze
the potential for flood damages to new construction and to
avoi d aggravating existing flood hazard conditions that could
i ncrease potential flood danages to existing structures. To
protect structures in riverine and |acustrine areas, the NFIP
regul ations require that the | owest floor (including basenent)
of all new construction and substantial inprovenents of
residential structures be elevated to or above the BFE. New
or substantially inproved non-residential structures in
riverine areas nust either be elevated or floodproofed (nade
watertight) to or above the BFE

Requi renents for (btaini ng BFE Dat a

I n areas designated as approxi nate Zone A, where BFEs have not
been provided by FEMA, comunities nust apply the provisions
of Paragraph 60.3(b) of the NFIP regulations. Subpar agr aph
60. 3(b)(4) requires that conmunities:

otain, review and reasonably utilize any
base flood el evati on and fl oodway data
avai l able froma Federal, State, or other
source... [ 44 CFR 60.3 (b)(4) ]

Section IV describes the sources from which BFE data may be
obtai ned. These data are to be used as criteria for requiring
that new construction, substantial inprovenents, and other
devel opmrent within all approximate Zone A areas neet the
applicable requirenents in Paragraphs 60.3(c) and (d) of the
NFI P regul ations, including the requirenment that structures
have their lowest floors elevated to or above the BFE (or
fl oodproofed to or above the BFE for non-residentia
structures). These data should be used as long as they
reasonably reflect flooding conditions expected during the
base (100-year) flood, are not known to be scientifically or
technically incorrect, and represent the best data avail abl e.
Comunities should consider formally adopting these data by
reference as part of their floodplain managenent regul ations.

I11-1
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Requi renents for Devel opi ng BFE Dat a

Under Subparagraph  60. 3(b) (3) of the NFIP regulations,
communi ti es nmust al so:

Require that all new subdi vi sion proposal s
and ot her proposed devel opnent (i ncluding
proposal s for manufactured honme parks and
subdi vi sions) greater than 50 lots or 5
acres, whichever is the lesser, include

wi thin such proposal s base fl ood el evation
data; [ 44 CFR 60.3 (b)(3) ]

This neans that any subdivision which neets this threshold nust
be evaluated to determne if the subdivision proposal is
affected by an approxi mate Zone A area and whether BFE data are
required. BFE data are required for the affected lots in the
subdi vi sions shown in Figure 3, "Proposed 76-Lot Subdivision,"
and Figure 4, "Proposed 6.7-Acre Subdivision." Figure 3 clearly
shows a 76-lot subdivision with several lots affected by an
approxi mate Zone A area. The subdivision depicted in Figure 4
is only 12 lots, but because the subdivision is greater than 5
acres and clearly shows buildable sites affected by an
approxi mate Zone A area, BFE data are required.

Figure 3 - Proposed 76-Lot Subdivision

I11-2
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Figure 4 - Proposed 6.7-Acre Subdivision

Communities are encouraged to address the flood hazards at the
earliest stages of subdivision planning rather than at the
actual placenent of individual structures. If a comunity can
work wth the developer and others when land is being
subdi vi ded, many |ong-term fl oodpl ai n managenent benefits can be
achi eved, particularly if the floodplain is avoided altogether
In Figure 5, "Proposed 76-Lot Subdivision,” the entire
approxi mate Zone A area is to be dedicated as open space. | f
the planned subdivision shows the floodplain is contained
entirely within an open space lot, it may not be necessary to
conduct a detailed engineering analysis to devel op BFE dat a.

Also, it may not be necessary to develop detailed BFE data in
large-lot subdivisions or single-lot subdivisions that are
within the threshol ds under Subparagraph 60.3(b)(3) of the NFIP
regul ati ons when the actual building sites are clearly outside
of the Zone A area. In Figure 6, "Proposed 5.6-Acre
Subdivision,” it is evident from the topographic features of
this 5.6-acre subdivision that the building sites would be
clearly out of the floodplain since the proposal indicates a
steep grade between the approxi mate Zone A area and the buil ding
sites which are | ocated on natural high ground.

I11-3
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If the grade between the actual building sites and the
approximte Zone A area of the proposed subdivision is
relatively gradual, asshown in Figure 7, "Proposed 6.7-Acre
Subdi vision," the floodplain could extend beyond what is shown
on the Flood Insurance Rate Map. It is very likely that fl ooding
could affect the building sites.In this case, an analysis shoul d
be conducted to determne the Jlocation of the 100-year
fl oodpl ai n and t he BFE.

Figure 7 - Proposed 6.7 Acre Subdi vi sion

For devel opnents that exceed the thresholds identified in NFIP
regul ati ons Subparagraph 60.3(b)(3), BFEs nust be either
obtained from other sources or developed wusing detailed
met hodol ogi es conparable to those contained in a Flood Insurance
St udy. Section V describes sone of the detailed nethodol ogies
avai l able that can be used to develop BFE data when none are
avail able fromthe sources listed in Section IV

If the size of the new subdivision or other proposed devel opnent
falls below the thresholds specified in NFIP regulations
Subpar agraph 60.3(b)(3) and no BFE data are available from the
sources listed in Section IV, the community nust still apply, at
a mninmum the requirements of Subparagraph 60.3(a)(3) to
proposed structures or Subparagraph 60.3(a)(4) to subdivisions
and ot her devel opnments w thin approxi mate Zone A areas. These
par agraphs require that permt officials:

[11-5
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Review all permt applications to determ ne whet her
proposed building sites will be reasonably safe from
flooding. If a proposed building site is in a flood-
prone area, all new construction and substanti al

i mprovenents shall (i) be designed (or nodified) and
adequat el y anchored to prevent floatation, collapse, or
| ateral novenent..., (ii) be constructed with materials
resistant to fl ood damage, (iii) be constructed by

nmet hods and practices that mnimze fl ood damages, and
(iv) be constructed with electrical, heating,
ventilation, plunbing, and other service facilities that
are designed and/or |located so as to prevent water from
entering or accumul ating within the conponents during
condi ti ons of rooding. [44 CFR 60. 3(a)(3)]

Revi ew subdi vi si on proposals ... including manufactured
honme parks or subdivisions ... to assure that (i) al
such proposals are consistent with the need to mnimze
fl ood danage within the flood-prone area, (ii) al
public utilities and facilities ... are |located and
constructed to mnimze or elimnate flood damage, and
(i1i) adequate drainage is provided to reduce exposure
to flood hazards; [44 CFR 60.3(a)(4)]

One way that communities can ensure that building sites will be
reasonably safe from flooding for proposed devel opnents that
fall below the thresholds in Subparagraph 60.3(b)(3) is to use
the sinplified nmethods outlined in Section V for estimating a
BFE. Anot her approach to ensure that a building site is
reasonably safe fromflooding is to require the structure to be
el evated above the highest adjacent grade by a specified nunber
of feet based on the local official's know edge of flood
conditions in the area. In the absense of available BFE data
from other sources, the community nmay require the permt
applicant to elevate the structure two or nore feet above the
hi ghest adj acant grade which qualifies the structure for reduced
flood insurance rates. El evation of the structure to four feet
above the highest adjacant grade will enable the structure to
qualify for substantially reduced flood insurance rates.

However, sonme states and communities require that BFE data be

devel oped for all subdivisions and/or floodplain devel opnent
within approximate Zone A areas, not just those subdivisions

I11-6
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which neet the 50-lot or 5-acre threshold. A community may, at
its discretion, require the use of detailed nmethods for such
devel opnent . Wiile this requirement is nore restrictive than
NFI P mninmum requirements, the NFIP regulations specifically
recogni ze and encourage states and comunities to adopt and
enforce nore restrictive floodplain managenent regulations in
t hose instances where the state or comunity believes that it is
in the best interest of its citizens.

No matter what the size of the subdivision or other devel opnent
proposal, requests to revise or amend effective Flood Insurance
Study information through the procedures outlined in Part 65 and
Part 70 of the NFIP regulations nmust be based on detailed
nmet hodol ogi es presented in Section V or other nethodol ogies
conparable to those found in a Flood Insurance Study. The
analysis used to develop the BFEs nust be certified by a
regi stered professional engineer or licensed |and surveyor, as
appropriate, if the BFEs are to be used to revise or anend an
NFI P map.

Use of Draft or Prelimnary Fl ood | nsurance Study Data

The data from a draft or prelimnary flood insurance study
constitutes "available data"” wunder Subparagraph 60.3(b)(4).
Comunities mnust reasonably utilize the draft or prelimnary
flood insurance study data under the section of their ordi nance
that requires the use of other base flood data when detail ed BFE
data has not been published in a flood insurance study.
Comunities are given discretion in using draft or prelimnary
flood insurance study data only to the extent that the technical
or scientific validity of the proposed flood elevation data is
guest i oned. If a comunity decides not to use the draft or
prelimnary flood insurance data in a FIS because it is
qguestioning the data through a valid appeal, the community nust
still assure that buildings are constructed using nethods and
practices that mnimze flood damages in accordance with the
requi rements under Subparagraphs 60.3(a)(3) and (4).

When all appeals have been resolved and a notice of final flood
el evations has been provided by FEMA, communities are required
to use the data from the flood insurance study for regulating
fl oodpl ai n devel opnent I n accor dance with Subpar agr aph
60. 3(b)(4) since the data represents the best data avail able.
Conmmuni ties nust regulate fl oodpl ain devel opnent using the flood
i nsurance study data under Subparagraph 60.3(b)(4) wuntil such
time as the community has adopted the effective FIRM and fl ood
i nsurance st udy.

L11-7
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Advant ages of Devel opi ng BFE Dat a

Wiile the NFIP regulations do not require that comunities
develop BFE data in approximate Zone A areas when proposed
development is below the thresholds in NFIP regulations
Subpar agraph 60.3(b)(3), there are significant advantages and
financial benefits for comunities and individual property

owners that develop BFE data. These advantages and benefits

i ncl ude:

. protecting structures up to the BFE will mnimze and
reduce future flood 1|osses, resulting in long-term
savings to the individual, the comunity, and the
Nati onal Fl ood I nsurance Fund,

. flood insurance policies in approxinmate Zone A areas
that are rated using a BFE wll often qualify for
significantly lower insurance rates than policies that
are rated wthout a BFE The difference in flood

i nsurance prem uns coul d be substanti al ;

. less burden wll be placed on the permt official
because he or she can require protection to a specified
elevation. Wthout a BFE, the permt official nust nake
judgenents as to what constitutes "reasonably safe from
fl oodi ng" and "constructed with materials and practices
that mnimze fl ood damages”;

. the NFIPs Community Rating System establishes flood
i nsurance premum discounts of up to 45 percent for
policy hol ders wthin comunities that have a
fl oodpl ai n managenent program that exceeds NFIP m ni mum
requirements. Sizable Community Rating System credits
are available for Community Rating System communities
that develop BFEs for areas designated as approxi mate
Zone A on their Flood Hazard Boundary Map or FIRM or
that require site-specific engineering analyses for
devel oprent proposal s; and

. by specifying a BFE in an approxinmate Zone A area, a
building or property can, in sone circunstances, be
renoved from the floodplain by issuance of a Letter of
Map Amendnent or Letter of Map Revision in accordance
wth Part 65 and Part 70 of the NFIP regulations. Wile
these procedures elimnate the requirenment that flood
i nsurance be purchased as a condition of obtaining a
loan from a Federally insured or regulated |ender, a
lending institution may, at its discretion, require the
purchase of flood insurance.

I11-8
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| V.

OBTAI NI NG EXI STI NG BASE (100- YEAR) FLOOD ELEVATI ONS

The NFIP Regulations at 44 CFR 60.3 require that structures be
el evated or floodproofed (non-residential structures only) to
provide protection fromflood danage. A BFE nust be established
before such flood protection neasures can be used. There are a
variety of conputational nethods that can be enployed to
det erm ne BFEs. However, these nethods can be costly. Bef ore
conput ati onal nethods are used, every attenpt should be made to
obtain information, in the form of floodplain studies or
conputations, from Federal, State, or |l|ocal agencies. Dat a
obtai ned from these agencies may be adequate to determ ne BFEs
with little or no additional research, conputation, or cost.

Local officials who obtain BFE data should maintain the
information for future reference. Local officials should also
consider making a search for BFE data for the entire comunity.
By doing so, the local officials may not have to conduct a
search each time a floodplain devel opnent permt is requested.
If the data reasonably reflect flooding conditions, a community
shoul d consider adopting the information into its floodplain
managenent ordi nance.

Provided below are a list of agencies that can be contacted to
determne if any BFE data have already been devel oped. When
obtai ned, these data should be evaluated to ensure that they
reasonably reflect flooding conditions expected at the site
during the 100-year flood, are scientifically or technically
correct, and represent the best data avail able.

Three major sources of existing data are highlighted in this
section: FEMA, other Federal agencies, and State and | ocal
agenci es.

FENA

FEMA' s technical evaluation contractors maintain libraries that
contain technical and admnistrative data devel oped during the
preparation of Flood Insurance Studies, as well as the resulting
Fl ood Insurance Study reports and NFIP nmaps. FEMA can be
contacted to determne whether or not sufficient information
exists in the back-up data to calculate BFEs. For sone fl ooding
sources that are designated as approxi mate Zone A, FEMA nmay have
detailed flooding informati on that has not yet been incorporated
into the comunity's Flood Insurance Study. FEMA can be
contacted to obtain this information where it exists.

V-1
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FEVA regul arly conducts restudies of flood hazards in an effort
to keep Flood Insurance Studies accurate and up-to-date. As
part of these restudies, detailed BFE data for approximte Zone
A areas nmay be developed. During the time that el apses between
FEMA obtaining restudy data and the incorporation of BFE data
areas into a revised Flood Insurance Study, a conmunity may
reasonably use the BFE data fromthe restudy in approxi mate Zone
A areas in accordance w th Subparagraph 60.3(b)(4).

In addition, flooding sources restudied by FEMA may often inpact
several comuniti es. FEMA nmay be unable to imediately update
the Flood Insurance Study for every community inpacted due to
fundi ng constraints. Therefore, BFEs may have been devel oped
for streans wthin a comunity that have not yet Dbeen
i ncorporated into the Flood Insurance Study.

It is also possible that a previous request to revise flood
hazards along a stream or |ake may be on file wth FEMA, and
that BFEs, which may be applicable to other areas of the sane
streamor | ake, may have been conputed for that request.

FEMA data should be sought when trying to obtain or determne
BFEs for an approximate Zone A area, so that if BFEs have
already been determned for an approximate Zone A area, then
other BFE determnations in the sane area can be based on the
sanme net hodol ogy. However, if it is determned that a nore
scientifically or technically accurate determnation than that
which is available in FEMA' s back-up data is warranted, then a
nore detail ed met hodol ogy, such as those described in Section V,
shoul d be utilized.

Data requests should be directed to the appropriate FENVA

technical evaluation contractor at the address listed on the
fol l ow ng page:
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FEMA Reqgions |-V
(States East of the M ssissipp
Ri ver and M nnesot a)

Fl ood I nsurance Information Speciali st
c/o Dewberry & Davis
2953 Prosperity Avenue
Fairfax, Virginia 22031
FAX: (703) 876-0073
Phone: (703) 876-0148

FEMA Regi ons VI-X
(States West of the
M ssi ssi ppi R ver)

FEMA Project Library
c/o M chael Baker, Jr., Inc.
3601 Ei senhower Avenue
Suite 600
Al exandria, Virginia 22304
FAX:  (703) 960-9125
Phone: (703) 960-8800

An instruction sheet entitled Flood Insurance Study (FIS) Data
Requests is provided in Appendix 2. This sheet contains
pertinent information and instructions for requesting Flood
| nsurance Study dat a.

A fee is charged for locating, retrieving, copying, and nailing
Fl ood Insurance Study back-up data based on the cost of

materials and a standard hourly rate for tine spent to fill the
request. FEMA will inform the requestor if the requested data
are available and of the required fee. The requestor should

allowtwo to four weeks for the request to be processed.

G her Federal Agenci es

Information regarding BFEs nmay be obtained from other Federal
agencies involved in floodplain managenent. A fee may be
required to obtain sonme of the products or services avail able
t hrough these agencies. The following is a list of sone of the
Federal Agencies involved in floodplain nanagenent and the
information, which may be useful in obtaining and determ ning
BFEs, that they produce.
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AGENCY

US Arny Corps
of Engi neers

U S. Departnent of the
Interior, Ceol ogical
Sur vey

U S. Departnent of
Agricul ture, Natural
Resour ces Conservati on
Servi ce (NRCS)

U S. Departnent of
Transportation, Federa
H ghway Adm ni stration

U S. Departnent of Commerce
Nati onal Techni ca
Information, Service

Tennessee Valley Authority

QG her State and Local

Agenci es

| f back-up data from Federa
useful ,
| ocal

agencies involved in

f1 oodpl ai n t hat
i nformati on.
i nformati on.

managenent

Agai n,

For exanpl e,
Nat ural Resources or
studies using state funds.

maintain a repository for

agenci es,
for specific
constructi on,
t hese projects.

types of

f ees

sone state agencies,
a Ceol ogi cal
In some states,

fl ood
coordi nati ng agency can al so be contact ed.
coordinating agencies is provided in Appendi x 3.
such as a Departnent of Transportation,
pr oj ect s,

In general,

PRODUCT

FI oodpl ai n I nformation
Reports

Techni cal Manual s

Conput er Prograns

Conput ati onal Assi stance

Topogr aphi ¢ Maps
Wat er Resource

| nvesti gati ons
Technical Bulletins
Wat er Supply Papers
Conput er Prograns

Wat er shed St udi es
Techni cal Rel eases
Conput er Prograns

Fl oodpl ai n St udi es
Desi gn Manual s
Conput er Prograns

Desi gn Manual s
Conput er Prograns

FI oodpl ai n St udi es

agenci es are unavail able or are not
information regardi ng BFEs may be obtained from State or
fl oodpl ai n

followng page is a list of State and | ocal
may be contacted

managenent .

may be

dat a. The

such as

| V-4

agenci es involved in
to obtain
applicable for

such as a Departnent
Survey, may conduct fl oodpl ain
t hese agencies may
NFI P
Alist of the State

O her
do engi neering
road and bridge
in which BFE data nmay have been devel oped for
when calling these agencies,
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caller should ask for a copy of any back-up data (reports,

conput ati ons, conput er nodel s, nmaps) associated wth a
FLOCDPLAIN STUDY or DRAINAGE STUDY, for the area of the
particular stream of interest. In addition, sone state

agencies, such as a Departnent of Natural Resources, may
mai ntain historic | ake | evel data.

The local public works departnent or the local transportation
departnent may have devel oped flood data in designing sewer and
storm drai nage systens and |ocal roads. For exanple, plans for
a sanitary sewer line which runs parallel to the stream and area
of interest may have 100-year flood el evations on the profile of
the sanitary sewer. Also, if there are culverts or bridges
which cross the sane stream within 1,000 feet of the area of
interest, there may be hydrologic and hydraulic information
pertaining to the 100-year flood discharge and el evation which
may be pertinent to the site. Finally, if there are any nearby
residential or commercial developnents along the sane stream
t he devel oprment (site) plans for these projects may al so include
i nformation about the 100-year fl ood.

O her possible sources of data include regional organizations,
such as Flood Control D stricts, Levee Inprovenent D stricts,
Watershed Districts, or Soil and Water Conservation Districts.
These organizations mnmay have developed flood profiles for
smaller streans or for reaches of streans inpacted by flood
control or drainage projects.

St at e Agenci es:

Departments of Environnental Conservation
Departments of Environnmental Protection
Departnments of Fl oodpl ai n Managenent
Departments of Natural Resources
Departnents of Transportation

Departnments of Water Resources

Ceol ogi cal Survey

Local or Regional Agencies:

Fl ood Control Districts

Levee | nprovenent Districts
Local Pl anni ng Comm ssi ons
Local Public Wrks Departnents
Miuni ci pal Wility D stricts

Ri ver Basin Conm ssi ons

Wat er Control Boards

A partial list of Federal and State agencies is provided in
Appendi x 3.
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V.

DEVELCPI NG BASE (100- YEAR) FLOOD ELEVATI ONS

If sufficient BFE information cannot be obtained from the
sources described in Section IV, then the comunity should
consi der conducting, or requiring the applicant to conduct, a
site specific engineering analysis to determine a BFE Thi s
section describes several sinplified and detailed nethods for
estimating or developing BFE data, and provides guidance for
usi ng them

As noted in Section Ill, a detailed nethod is required under
Subpar agraph 60.3(b)(3) of the NFIP regulations for proposed
devel opnent greater than 50 lots or 5 acres, whichever is the
| esser. If the BFEs developed will be used to revise or anend
NFI P maps, they mnust be developed wusing the detailed
met hodol ogi es described in this section or other nethods
conparable to those in a Flood | nsurance Study.

If no BFE data are available and the proposed devel opnent is
bel ow the threshol ds specified in Subparagraph 60.3(b)(3) of the
NFI P regulations, the sinplified nmethods for estimating BFEs
described in the followng section may be wused. Sinplified
met hods are |ess expensive and less time consumng than the
detailed nethods described later in this section. However ,
communi ties have the discretion to determne which nmethod shoul d
be used when a proposed devel opnent is bel ow the aforenentioned
t hr eshol ds.

Sinplified Methods

There are situations in which a sinplified approach for
estimating the BFE may yield an acceptable level of accuracy.
For sinplified nmethods to be used, very specific conditions nust
be nmet as di scussed bel ow

Sinplified nethods are appropriate for floodplain mnanagenent
pur poses only. These nethods nmay be used for the purpose of
nmeeting the requirenents of NFIP regulations Subparagraphs
60.3(a)(3) and 60.3(a)(4) for developnents, such as isolated
smal | subdivisions in rural areas which are bel ow the threshold
in Subparagraph 60.3(b)(3), or single |lots. Subpar agr aphs
60.3(a)(3) and 60.3(a)(4) require the comunity to determ ne
whet her proposed building sites are reasonably safe from
fl ooding and ensuring that subdivision proposals are consistent
with the need to mnimze flood damage w t hin fl ood-prone areas.
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Sinmplified nmethods may not be used by the community to conplete
an Elevation Certificate wused for flood insurance rating.
Comunities nmust use the detailed nethodologies described in
this section or other nethods conparable to those in a Fl ood
| nsurance Study for conpleting the Elevation Certificate. A
flood insurance policy for a structure for which a sinplified
method is used may be rated without an elevation certificate.
However, the flood insurance rate may be higher than if the
structure is rated using an Elevation Certificate.

Contour I nterpol ation

Contour interpolation involves superinposing approxi mate Zone A
boundaries onto a topographic map in order to estimate a BFE.

BFEs obtained by this nmethod can only be assumed to be as
accurate as one-half of the contour interval of the topographic
map that is used. Therefore, the snmaller the contour interva

of the topographic map, the higher the accuracy of the BFE
determned from the map. The procedures for using this nethod
are outlined bel ow Steps 1 through 5 are the sane for both
riverine and | acustrine (lake) flooding sources.

Step 1 - Obtain a topographic map showing the site being
anal yzed
Step 2 - Reduce or enlarge the FIRM or topographic nap as

necessary so that the two are at the sane scale

Step 3 - Superinpose the approxinmate Zone A (100-year)
fl oodpl ai n boundary fromthe FIRM onto the topographic
map

Step 4 - Determne if this nmethod is wthin the acceptable
accuracy limts. The floodplain boundary nust
generally conform with the contour lines along the
fl oodi ng source in question. The difference between
the water-surface elevations determned on the right
overbank and the left overbank nust be w thin one-half
of the map contour interval. For lacustrine flooding
sources, the difference between the highest and | owest
det erm ned wat er - sur f ace el evati ons ar ound t he
flooding source must be within one-half of the map
contour interval. G herwise, this nethod is not
accept abl e.

Step 5 - If the nethod is acceptable, then determ ne the BFE
Detail ed guidance for determning the BFE is provided
bel ow.
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Determ ning BFEs for Riverine flooding:

On each side of the stream in the vicinity of the site,
determne the ground elevation at which the superinposed Zone A
boundary lies by interpolating between two contour |ines. Add
one-half of the map contour interval to the lower of the two

i nterpol ated el evations. This is the approximate BFE for the
site (be sure to perform this nethod at each structure
| ocation).

By adding one-half of the contour interval to the |owest
interpol ated water-surface elevation, two things are achieved
1) the final BFE is within one-half of the contour interval of
both interpolated water-surface elevations and, therefore, is

still within the acceptable tolerance of the topographic map
(generally regarded as = one-half of the map contour interval);
2) it is a conservative estimate of the BFE If the BFE

determned under this procedure seens too high, then a detailed
analysis may be perfornmed to justify lowering it.

Exampl e 1

Using a county topographic map with a contour interval of 5
feet, the approximate Zone A boundary crosses contour
elevations on the left and right bank at 323 and 325 feet,
respectively, as shown in Figure 8, "Contour Interpolation
Method - R verine Flooding Exanple 1." The difference
bet ween these two water-surface elevations is 2 feet, which
is less than one-half of the contour interval or 2.5 feet.
Therefore, this nmethod is acceptable for wuse on this
portion of the stream Add 323 feet (lowest interpolated
wat er-surface elevation) plus 2.5 feet (one-half of the
contour interval), which yields a BFE of 325.5.
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Figure 8 - Contour Interpolation Method -
Ri veri ne Fl oodi ng Exanple 1

Exanmpl e 2

Using a US. Ceological Survey quadrangle map with a
contour interval of 10 feet, the approximate Zone A
boundary crosses contour elevations on the left and right
bank of 422 and 430 feet, respectively, as shown in Figure
9, "Contour Interpolation Mthod - R verine Fl ooding
Exanple 2." The difference between these two water-surface
elevations is 8 feet, which is greater than one-half of the
contour interval or 5 feet. Therefore, this nmethod is not
acceptable for wuse on this portion of the stream and
anot her nethod nmust be used to determ ne the BFE.
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Figure 9 - Contour Interpolation Method -
Ri veri ne Fl oodi ng Exanple 2

Determ ni ng BFEs for Lacustrine (Lake) fl ooding:

Determne the contour elevations that the approxinmate Zone A
boundary crosses (i.e. the BFE) around the perineter of the |ake
or ponding area. Assumng that the highest and |[owest
determned water-surface elevations are within one-half of the
map contour interval of each other, add one-half of the map
contour interval to the Ilowest water-surface elevation to
determne the BFE for the site.

Exanpl e 3

Using a US. Ceological Survey quadrangle map wth a
contour interval of 10 feet, the approximate Zone A
boundary crosses low and high determned water-surface
el evations along the perineter of the ponding area of 280
and 283 feet, respectively, as shown in Figure 10, "Contour
| nterpol ati on Method - Lacustrine Flooding Exanple 3." The
di fference between these two water-surface elevations is 3
feet, which is less than one-half of the contour interva

or 5 feet. Therefore, this nmethod is acceptable for use on
this ponding area. Add 280 feet (lowest water-surface
elevation) and 5 feet (one-half of the contour interval),
whi ch yields a BFE of 285 feet.
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Figure 10 - Contour Interpolation Mthod -
Lacustrine Fl oodi ng Exanple 3
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Dat a Extrapol ati on

If a site is within 500 feet upstream of a stream reach for
which a 100-year flood profile has been conputed by detailed
nmet hods, and the floodplain and channel bottom sl ope
characteristics are relatively simlar to the downstream
reaches, data extrapol ation may be used to determ ne the BFE
The streamin the vicinity of the site, however, nust be free
of backwater effects from downstream hydraulic structures.
The procedure for using this nethod is outlined bel ow.

Step 1 - Determne the location of the site on the flood
profile for the detail ed study stream

Step 2 - Extrapolate the last segnment of the 100-year fl ood
profile that has a constant water-surface slope to
the location of the site. The BFE at the site can
then be obtained directly fromthe profile

Figures 11-12 on the follow ng pages depict situations (i.e.,
properties "Y' and "Z"), in which the data extrapolation
method may and nmay not be used. Figures 13-14 depict a
situation in which the data extrapolation nethod nmay not be
used because the highway nmay have an effect on the 100-year
wat er - surface el evations. If the 100-year flood profile
changes just prior tothe [imt of detail ed study, as shown in
Figure 15, the data extrapol ati on nethod should not be used.
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- Data Extrapol ation

Met hod

Pl an Vi ew

-Property Y is approximately 370" upstream of the limit of
detailed study (as measured along the streamline). Using
the profile below, we can extrapolate the 100-year flood
profile to determine that the BFE for property Y isequal to

33.

-Property Z is approximately 700" upstream of the limit of
detailed study (as measured along the streamling), and is

therefore beyond the limit of data extrapolation.
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Met hod - Pl an Vi ew -State Route 27 may have an effect on the 100-year

water-surface elevations. Therefore, data
extrapolation should not be used to obtain a BFE
for property R.
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Det ai | ed Met hods

Three essential factors nust be determned either by hand
cal culations or by conputer nodel to determne a BFE by detail ed
met hods. These factors are: 1) floodplain geonetry
(topography); 2) flood discharge and/or volune (hydrol ogy); and
3) flood height (hydraulics).

Topogr aphy involves the neasurenent of the geonetry of a cross
section(s) of the floodplain, which includes horizontal and
vertical coordinates. The vertical coordinate, or elevation, is
related to a vertical datum such as the National Geodetic
Vertical Datum of 1929 or North Anerican Vertical Datum of 1988.
The horizontal coordinate, or station, 1is neasured from a
reference point along the cross section to establish actual
ground poi nts.

Hydrology for the particular location along a stream invol ves
the determnation of the peak rate of stream flow [usually
nmeasured in cubic feet per second (cfs)] that wll occur during
a flood (for purposes of determning the BFE, the 100-year
fl ood). When determning |ake or pond elevations, a 100-year
fl ood hydrograph is required to determ ne the BFE.

Hydraulics involves the determnation of the water-surface
elevation that wll occur during a flood (for purposes of
determning the BFE, the 100-year flood), the selection of a
nmethod to relate the flood discharge to a flood depth, and the
selection of WMnning' s roughness coefficients or "n" values.
These "n" val ues vary depending on the type of nmaterials; degree
of irregularity; variation  of shape, obstructi ons, and
vegetation; and degree of neandering related to the channel and
the floodplain of a stream

The follow ng sections discuss various nethods for determning
the topography, hydrology, and hydraulics for a particular
| ocation in order to determne a BFE

Topogr aphy
Exi sting Topographi c Maps

Before initiating field surveys, determne if there is existing
detai | ed topographi c mappi ng that can be used to generate cross-
section data. To adequately describe a floodplain and for use
with a hydraulic nmethod to calculate a BFE, topographic nap
scales and contour intervals nust be the same as, or nore
detail ed than, those used to prepare the
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community's Flood Insurance Study. The greater the |evel of
detail on the topographic map, the nore accurate the BFE
determnation. |If the community does not have a Fl ood I nsurance

Study, an existing topographic survey should, at a mninum be
as detailed as the U S. Geol ogical Survey quadrangle map for the
ar ea. Regardless of the level of detail of the existing
topographic map used, it is suggested that the geonetry of the
actual stream channel be obtained by a site visit if the cross
sections are to be used for hydraulic anal yses.

Dat um Requi renents for Field Surveys

If a greater level of detail is desired than is available from
exi sting topographic mapping, then a field survey should be
perfornmed. If it is necessary to establish a BFE for insurance

purposes or to neet the requirenents of 60.3 of the NFIP
Regul ations, the survey nust be referenced to the sane datum
that is used to produce the FIRM which is usually the National
Geodetic Vertical Datum of 1929 or the North American Verti cal
Datum of 1988. Reference marks giving elevations to this datum
are given in the published Flood Insurance Studies. If the
reference marks cannot be located in the field, or are sinply
too far away, additional reference mark information mnmay be

obtained from the State's U. S Ceol ogi cal Survey  or
Transportation office. Local surveyors are generally famliar
with nearby reference marks. In approxi mate Zone A areas, if it

is not economcally feasible to reference survey information to
a known reference mark, an assuned datum rmay be used, provided
that the BFE, structure, and lot elevations are referenced to
the sane assunmed datum however, data devel oped using such an
assuned datum may not be sufficient to revise a FIRM Al l
surveys nust be certified by a registered professional engineer
or |land surveyor.

If the sole purpose of determning relative flood heights is to
nmeet the requirenents set forth in Section 60.3(a) of the NFIP

regul ati ons, any assuned datum nmay be used. In this instance, a
depth of flooding can be established at a particular |ocation
without having to reference it to a datum (i.e., National
Geodetic Vertical Datum. However, in order for an insurable

structure to be eligible for a |l ower insurance rate based on the
BFE, the survey may need to be referenced to the sane datum t hat
was used for the FIRM (i.e., National Ceodetic Vertical Datum or
North American Vertical Datum.
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Nunber of Cross Sections Required

If the determnation of the BFE is for only one |ot, one cross
section is required across the 100-year floodplain through the
property in question. For large parcels and nulti-I|ot
subdi vi sions, at |east one cross section is required at each end
of the parcel or subdivision. Additional cross sections nust be
added if the difference in the conputed 100-year water-surface
elevations at the two cross sections is nore than one foot and
the distance between the cross sections is greater than 500
feet.

Proper Location of Cross Sections

The follow ng guidelines should be used to determ ne the proper
| ocation for cross sections:

Fl ow Pat h: Cross sections nust be oriented perpendicul ar
to the anticipated flow path of the 100-year flood, as
shown in Figure 16, "Oross Section Orientation.”

Channel Characteristics: Cross sections should be |ocated
where changes in channel characteristics, such as sl ope,
shape, and roughness, occur.

D schar ge: CGross sections should be located at points
al ong a stream where changes in flood discharge occur, such
as upstream of tributaries, as showmn in Figure 17, "Locate
Cross Sections at Points of Flood D scharge Changes."

Structures: A mnimm of two cross sections are required
to conpute a BFE at or near a structure, such as a bridge

or dam If the floodplain configurations upstream and
downstream of the structure are simlar, two cross sections
may be used. One cross section should represent the
structure profile including the profile of the road or
enbanknent . When obtaining the structure profile in the
field, neasurenents of the structure opening, if there is
one, and any piers should also be obtained. The ot her

cross section should represent the natural valley cross
section downstream of the structure and should not include
any part of the structure or enbanknent. The natural
vall ey cross section should be |ocated at a distance equal
to the wwdth of the structure opening, W neasured fromthe
downstream foot of the enbanknment or wing walls, as shown
in Figure 18, "Oross Section Locations at Structures.™
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Figure 18 - Oross Section Locations at Structures

If the floodplain configurations upstream and downstream of
the structure are different and the structure is a bridge,
an additional cross section should be used upstream of the
structure. The cross section should be located at a
distance equal to the wdth of the structure opening
upstream of the structure as neasured fromthe foot of the
enbankment or wing walls.

The stations and el evations for cross section ground points
outside of the stream channel nay be obtained from a
t opographic map. The size of the structure opening, piers,
and channel geonetry, however, should be obtained by field
survey.

Hydr ol ogy

There are a nunber of nethodol ogies that nmay be used to devel op fl ood
di scharges for approximate Zone A areas. The nethods di scussed bel ow
were selected because they are fairly sinple to wuse, require
information that 1is easily obtainable, and provide reasonable
discharge estimates for streans where nore detailed hydrologic
anal yses have not been perforned. These nethods, which have been
ordered based on ease of use and expected |evel of accuracy, include
di scharge-drai nage area relationships, regression equations, the
NRCS TR-55 graphi cal peak di scharge and tabul ar hydrograph nethods,
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and the rational formula. Qher hydrograph nethods will also be
noted but not described in detail due to their conplexity.

D schar ge- Drai nage Area Rel ati onshi ps

This method is suggested for approximate Zone A areas because it
is straightforward and the only data needed are drainage areas
and correspondi ng 100-year flood discharges. These data can be
obtained from the Summary of D scharges table in a Flood
| nsurance Study report.

The relationship between drainage area and discharge is non-
linear in nost cases; therefore, the drainage areas and
correspondi ng 100-year flood discharges fromthe Flood |nsurance
Study should be plotted on |og-1og paper as shown in Figure 20

from the exanple which begins on the followi ng page. The
streans plotted nmay have varying drai nage areas; however, other
wat er shed characteristics should be simlar. A straight Iline

should be drawn through the plotted points as shown in Figure
21. The 100-year flood discharge for a particular |ocation can
then be estimated based on the drainage area at the |ocation as
shown in Figure 21 fromthe exanple.

Limtations - If the relationship of plotted points cannot be
approxi mated by a straight line, then this nethod should not be
used. In addition, this nmethod is not appropriate when the

stream along which the site is located is regulated by dans,
detention ponds, canals, or other flow control structures or
di ver si ons.
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EXAVPLE: D SCHARGE- DRAI NAGE AREA RELATI ONSHI PS

The following is a Summary of Discharges table from a Fl ood
| nsurance Study report.

TABLE 1 - SUMVARY COF DI SCHARGES

FLOODI NG SOURCE DRAI NAGE AREA PEAK DI SCHARGES (cfs)
AND L OCATI ON (sg. mles) 10- YEAR 50-YEAR 100- YEAR 500- YEAR
Pl NE CREEK
At confluence with
Saddl e Ri ver 20. 39 2,220 4,165 5, 310 9,010
At Calvin Street 16. 3 1, 907 3,617 4,612 7, 300
At Caitlin Avenue 14. 9 1, 860 3, 285 4,090 6, 570
ROCK RUN
Downst r eam of confl uence
of Ransey Brook 12. 6 1, 640 2, 895 3, 605 5, 795
Upstream of confl uence
of Ransey Brook 10.1 1, 390 2,455 3, 055 4,910
GOOSE CREEK
Downst ream of confl uence
of Val entine Brook 9.1 1, 285 2,270 2,825 4,540
Upstream of confl uence
of Val entine Brook 6.2 965 1, 700 2,120 3, 405
COON CREEK
Downst ream of confl uence
of All endal e Brook 14. 3 1, 805 3,185 3, 965 6, 370
Upstream of confl uence
of All endal e Brook 12. 9 1,670 2, 950 3,670 5, 900

Assunme that Wndy Run is a streamwithin the sanme community as
the streans listed in the table, and that the Wndy Run drai nage
basin, shown in Figure 19, has simlar characteristics to the
stream basins from the table. First, plot the drainage areas
and correspondi ng 100-year discharges on |og-1og paper as shown
in Figure 20 on the following page. Then draw a straight |ine
t hrough the plotted points as shown in Figure 21.

At Property A the drainage area for Wndy Run is 8.5 square
mles. Using the drainage area curve created fromthe Fl ood

| nsurance Study Summary of Discharges table, the 100-year

di scharge at Property Ais estinmated to be 2,750 cfs, as shown
on Figure 21. At Property B, with a drainage area of 12.0
square mles, an estimted 100-year discharge of 3,600 is

obt ai ned, as shown on Figure 21.
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Figure 21 - 100-year Di scharge Estimates for
Site Aand Site B

Regr essi on Equati ons

Anot her net hodol ogy that can be used for determ ning discharges
for approximate Zone A areas is the application of the
appropriate regression equation found in a US. Ceol ogical
Survey publication (Water Resources Investigation or Qpen File
report). A list of these publications applicable to each State
is in Appendix 4. The U S. Ceol ogical Survey has also rel eased
Version 1.1 of the National Flood Frequency Conputer Program
The National Flood Frequency Program contains the regression
equations for all of the continental United States.

The use of regression equations involves the determnation of
specific variables for a watershed (drainage area, nean annual
precipitation, forest cover, stream slope, etc.). Regression
equations are based on actual stream gage data and are usually
devel oped to determ ne discharges for the 2-year event up to the
100-year event (for purposes of determning the BFE, determne
t he 100-year discharge).
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The general form of these regression equations is:

Q=K* A* B * C

where: Q = discharge (cfs)
K = regression equation constant
A B,
and C = watershed vari abl es
XY,
and Z = exponents

Wat er shed vari abl es may include paraneters such as drai nage area
(in square mles), stream slope (in feet/mle), and inpervious
area (in percent).

Limtations - Care nust be taken when using these publications
because restrictions generally apply when the watershed is
heavily urbanized (i.e., high percentage of inpervious |land), or
where the runoff is regulated by the use of dans, detention
ponds, canals and other flow diversions. QG her restrictions
based on the physical paraneters of the watershed, such as
drai nage area or stream slope, nmay also apply. Limtations of
t hese equations are nornmally stated in each report and shoul d be
exam ned cl osel y.

TR-55

The NRCS TR-55 "Wrban Hydrology for Snall Watersheds" contains
two nethods for conputing flood discharges: the G aphical Peak
D scharge nethod and the Tabular Hydrograph nethod. TR-55 is
straightforward in its approach and nethod of conputation. TR
55 takes into account the effects of wurbanization, rainfal

distribution, soil types and conditions, ground cover types, and

ot her watershed characteristics. A method for estimating the
effects of storage on peak flood discharges is also included in
TR- 55.

Limtations - In general, TR 55 should not be used in areas

where flow is divided between closed storm sewer systens and
overl and conveyance areas, or where drainage areas exceed 2,000
acres. Moire specific limtations for using TR-55 are contai ned
in Chapters 2 through 6 of the NRCS TR-55 nanual .

Rati onal Fornul a
This method estinmates peak discharge rates for snall watershed

areas not covered by regression equations and for areas where
the NRCS TR-55 nethod is not applicable. The Rational Formula
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is based on the drainage area, rainfall intensity, watershed
time of concentration, and a runoff coefficient. The
general i zed equation is:

Q=C* 1 * A

where: Q = discharge (cfs)
C = runoff coefficient
I = rainfall intensity (inches/hour)
A = drainage area (acres)

The runoff coefficient, C varies with soil type, land use, and
terrain slope and can be obtained from text books on hydrol ogy.
The intensity of rainfall, I, is determned based on the total
rainfall for a selected exceedence probability and a duration
equal to the time of concentration for the watershed. The tine
of concentration for the watershed can be conputed using the
nmet hod described in the NRCS TR-55 manual or nethods described
in hydrol ogy text books. For approximate Zone A areas, the
exceedence probability is equal to 1 percent (100-year storm
frequency). The 1 percent exceedence probability total rainfall
(100-year rainfall) for the conputed duration can be obtained
from Technical Paper No. 40, Hydro 35, and precipitation-
frequency atlases published by the National Wather Service.
Dviding the total rainfall by the conputed duration wll yield
the intensity of rainfall.

Limtations - This nethod nust not be used where the runoff is
regul ated by the use of dans, detention ponds, canals and other
fl ow diversions. Also, this method is not recommended for
drainage areas greater than 200 acres, but can be used wth
caution for drainage areas up to 640 acres (one square mle).

Q her Hydrograph Met hods

There are nunerous other nethods that can be used to determ ne

fl ood discharges based on rainfall-runoff relationships. The
following hydrograph nethods are described in detail wthin
their respective technical reports and, therefore, wll not be

described in detail within this guide. These net hodol ogies in
general are good for any size watershed, and nost of the nethods
include conputations that take into consideration areas where
the runoff is regulated by the use of dans, detention ponds,
canal s and other flow diversions. These nethods are recomrended
for determning BFEs for ponds or |akes that are designated as
approxi mate Zone A. Besides TR-55, two of the nore w dely used
hydrograph nethods are the NRCS TR-20 and the U S. Arny Corps
of Engineers' HEC 1 conputer prograns.
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TR-20 and HEG- 1 provide a very detailed cal culation of discharge
through the generation, addition, and routing of runoff
hydrographs. The effect on peak flood discharges due to dans,
road crossings, and large floodplain storage areas IS nore
accurately assessed with these prograns. These nodels require
experience on the part of the user if they are to produce
realistic determnations of peak discharge.

Limtations - The limtations of these nethods are thoroughly
described in their manuals. Because these nethods involve nany
variables and assunptions, the potential for error is great.
The users of these nodels nust be thoroughly versed in the
l[imtations and assunptions of the conputational met hods
contained in these nodels. As with any synthetic node
depicting rainfall-runoff relationships, extreme care needs to
be taken to ensure that the results of the nodel are reasonabl e.

It is highly recormended that the discharges produced by these
hydr ograph net hods be conpared to di scharges produced by anot her
hydr ol ogi ¢ met hod of equal accuracy or by calibrating the node
to an actual stormevent.

Hydraulics

There are various hydraulic nethods that nmay be wused to
determne BFEs along riverine flooding sources. The appropriate
method to use depends on flow conditions and the size of the
area that is being anal yzed. For devel opnents of equal to or
less than 50 lots or 5 acres, the normal depth nethod, which is
described in greater detail below, 1is wusually adequate for
determ ni ng BFEs. After normal depth has been conputed, flow

conditions should be analyzed. If flow is classified as
subcritical (i.e., nornmal depth is greater than critical depth),
normal depth is used as the BFE. If flow is classified as

supercritical (i.e., normal depth is less than critical depth),
then critical depth is used as the BFE for natural channels.
For engineered channels, supercritical (normal) depth may be
used for the BFE, provided that the backwater from the nornal
depth of the downstream cross section is considered properly.
If nore than one cross section is required, step-backwater
conputations should be used to determne BFEs along riverine
fl oodi ng sources.

The procedures for conmputing normal depth, critical depth, and

st ep- backwat er by hand are outlined below As an alternative to
hand cal cul ati ons, the QU CK-2 conputer program nay be used.
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QUCK-2 is a user-friendly conputer program devel oped by FENVA
that may be used for normal depth, critical depth, or step-
backwater conmputations for regular or irregular shaped cross
sections. To aid the users of this guide in conputing BFEs, the
QU CK-2 conputer program and wuser's mnmanual are located in
Appendi x 6. The user's manual contains a tutorial section which
| eads a new user through the calculation process using "real
life" exanples. For those not using the QUCK-2 program the
following sections on Normal Depth and Critical Depth illustrate
how to conpute these depths by hand (see Appendix 8 for an
exanpl e of a Normal Depth hand cal cul ation).

Nor mal Depth

Normal depth is the depth expected for a streamwhen the flowis
uniform steady, one-dinensional, and is not affected by
downstream obstructions or flow changes. For uniform flow, the
channel bottom slope, water-surface slope, and energy slope are
parallel and are, therefore, equal. For normal depth
conputations, the flow 1is considered steady because the
discharge is assunmed to be constant; therefore, the depth of
flow does not change during the time interval under
consi derat i on.

Normmal depth cal culations (also called the "slope/area nethod")
conpute BFEsS at a cross section. The standard fornmula for
determning normal depth at a cross section is Manning' s
formula. The standard Manning's equation is:

Q=1.48 x Ax (R*) x S°/ n

wher e: di scharge (cfs)

cross section area (ft?
hydraulic radius (ft) = AW
wetted perinmeter (ft)

energy slope (ft/ft)

Manni ng' s roughness coefficient

Q
A
R
WP
S
n

The cross section area refers to the area below the water-
surface elevation, and the wetted perineter refers to the length
of the ground surface along the cross section below the water-
surface elevation. The channel bottom slope is used in lieu of
t he energy sl ope.

As noted earlier, Manning's "n" values vary depending on the

physical features of the stream channel and the channel
overbanks. The results of normal depth cal cul ations can differ
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significantly depending on the Mnning's "n" values used;
therefore, care should be taken to ensure that the Manning's "n"
val ues selected accurately reflect conditions at the site being
anal yzed. Manning's "n" values should be selected based on
field inspection, field photographs, and topographic mapping. A
list of accepted Manning's "n" values has been included in
Appendi x 5. Various mnethods for conputing normal depth are
descri bed bel ow.

Comput er Prograns for Conputing Nornal Depth

In addition to QJICK-2, the following Federal Governnent
conputer prograns have the capability to perform nornmal depth
conput ati ons:

Conput er Program Agency
HEC- 2 U.S. Arny Corps of Engineers
HEC- RAS U S. Arny Corps of Engineers
W5PRO U S. Ceol ogi cal Survey
WEP2 NRCS
SFD FEMA
PSUPRO FEMA
Pl ease note that HEGRAS is still being tested and had not yet

been released to the general public when this guide was
publi shed. Furthernore, FEMA has not yet approved the nodel for
requests to revise NFIP maps. Pl ease contact our Headquarters
office to determne the current status of HEGC RAS.

In addition to the above-referenced prograns, there are other
engi neering conputer prograns and nodels, which perform nornal
depth cal cul ati ons, t hat are available through various
commerci al vendors. References for the hydraulic conputer
prograns |isted above are in Appendi x 7.

Nor mal Depth Hand Cal cul ati ons

If a conputer is not available, it is possible to perform hand
conputations to calculate normal depth for the 100-year flood at
a cross section by following steps 1-11 |isted bel ow

Step 1 - (Obtain a topographic map or conduct a field survey to
obtain a cross section at the site where normal depth
shoul d be determ ned. If a topographic map is used,
the channel geonetry should be obtained from
nmeasurenents taken in the field. The cross section
shoul d be oriented perpendicular to the expected 100-
year fl oodpl ain.
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Step 2 -

Step 3 -

Step 4 -

Step 5 -

Step 6 -

wher e:

Conput e the 100-year discharge by applying one of the
nmet hods described in the hydrology section of this
gui de.

Plot the cross section on graph paper wth the
stations and the corresponding elevations. (The
stations and elevations are obtained from the
t opographic map and/or fromfield survey).

Select the left and right channel bank stations. The
channel bank stations are those stations where the
ground slope becones flatter noving away from the
channel bottom as shown in Figure 22, "Channel Bank
Stations."” Phot ographs taken in the field and the
contours on the topographic maps are al so hel pful when
defining the channel bank stations. Do not place the
channel bank stations at the bottom of the channel.

| CHANNEL BANKS |

I‘

Figure 22 - Channel Bank Stations

Sel ect appropriate Manning's roughness coefficients
for the left overbank, channel, and right overbank
fromthe "n" values given in Appendix 5. These val ues
should be determned by reviewwng the field
phot ographs and visiting the site.

Conpute the cross section area, wetted perineter,
hydraulic radius, and conveyance for each segnent
(i.e., left overbank, channel, and right overbank) for
at least three elevations. The conveyance, K, of a
segnment is given as:

K= (1.486/n) x Ax R

cross section area (ft?
hydraulic radius (ft)
wetted perimeter (ft)

A WP

A
R
WP
R
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Step 7 - Conpute the channel bottom slope, S, from the
t opographic map or fromfield survey.

Step 8 - Conpute the discharge, Q for each segnent of the

g;gss section at each elevation by multiplying K by

Step 9 - Add the discharges from each segnent at the sane
el evation to obtain the total discharge.

Step 10 - Plot the total discharges and the corresponding
el evations on graph paper.

Step 11 - The BFE can be determned fromthis graph for the 100-
year flood discharge conputed in Step 2.

An exanple of a normal depth hand calculation is included in
Appendi x 8.

Critical Depth

After conputing normal depth, the type of flow should be
checked. [If the velocity head fromthe normal depth conputation
is equal to or nore than half the hydraulic depth, the flow is
supercritical and the critical depth should be used to establish
the BFE. The velocity head, HV, for an irregular cross section
is conputed using the foll owi ng equation:

HV = oV 2g
wher e: o = velocity coefficient
\% = nmean velocity = Q / A (fps)
Q = total discharge (cfs)
A = total flow area (ft?
g = acceleration due to gravity = 32.2 ft/sec’

The velocity coefficient, o, is determned using the follow ng
equat i on:

[(KYTAD) + (KJA) + (KIAD]
Kr3 / Ar2
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wher e: K, K, K, K =

A Ay Ay A=

Hydraul i ¢ depth, h,
rel ati onshi p:

conveyance for left overbank,
channel , right over bank, and
total conveyance, respectively
flow area for |left overbank,
channel , right over bank, and
total flow area, respectively

is conputed by using the follow ng

h=A/T

wher e: T
A = Total

If the velocity head is greater
the flowis supercritical

hydraul i ¢ dept h,

For prismatic channels,

determne the critical depth:
g =
g

For a series (3 or nore) of

t he corresponding total

= top water-surface width at the nornal
Fl ow Area

wat er - surface el evati ons,
area, A water-surface topwidth, T, and

dept h

than or equal to one-half the

the follow ng equation can be used to

or Q=gA / T

conput e

Q= VgA / T.

the critical discharge, Q using Conmpute the
val ue of right hand side of the above equation. Plot the water-
surface elevations and the corresponding discharge values on
graph paper. The critical water-surface elevation and,
therefore, critical depth, can be determned fromthis graph for
a range of discharge val ues.

For rectangular channels, «critical depth can be conputed
directly from the above equation and is expressed in the
followi ng rel ati onshi p:

D.={ Q/ (5.67 T)}*™

The energy is mninum at the critical depth. For irregul ar
Cross sections, critical depth is determned from the

rel ationship between the water-surface el evation and the energy.
The energy is conputed by adding the water-surface el evation and

the corresponding velocity head (or
Cross sections,
be considered when conputing velocity head (HV).

For irregular
nmust

energy grade elevation).
a(a),
Sever a

the velocity coefficient,

wat er -surface elevations should be assuned and correspondi ng

energy grade el evati ons conput ed.

These val ues are then plotted
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on a graph of water-surface elevation versus energy grade
el evation. The critical water-surface el evation and, therefore,
critical depth, can be determned from this graph where the
energy (i.e., energy grade elevation) is mninum

St ep- Backwat er Anal ysi s

St ep- backwat er conputations are based on the principle of
conservation of energy, which states that the energy at the
upstream cross section is equal to the energy at the downstream
cross section plus the |osses between the two cross sections.
The | osses considered in the step-backwater analysis are the
friction loss and the transition | oss.

The equations and the procedure used in the step-backwater
anal ysis are explained in the QU CK-2 user's manual in Appendi X
6. Al though hand conputations can be done to performthe step-
backwater analysis, it is advisable to use the QU CK-2 program
or other Federally approved prograns for ease of conputation
The QU CK-2 program currently does not nodel the effects of
bridges or culverts or supercritical flow

The QU CK-2 program uses the default friction slope nethod,
which is the average conveyance nethod, from the HEC 2 program
to conpute friction |osses. For transition |osses, a
contraction coefficient of 0.1 and an expansion coefficient of
0. 3 shoul d be used in the conputations.

The reach lengths between the two cross sections for the left
over bank, channel, and right overbank are required for step-
backwat er conput ati ons. The distance for the left overbank
shoul d be neasured between the center of the floodplains of the
| eft overbank at each cross section. The sane is true for the
ri ght overbank. The channel distance should be neasured al ong
the streanbed, and therefore will account for the meandering of
t he stream channel

In general, starting water-surface elevations are obtained from
normal depth conputations (slope/area nethod) at the first cross
section. If there is a structure downstream of the study area,
the backwater effects of the structure nust be considered in
determning the starting water-surface elevation. |If there is a
known 100-year water-surface elevation at the downstream end of
the study area, that water-surface elevation should be used as
the starting water-surface el evation.
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Hydraulic Structures

As stated earlier, normal depth is the depth expected for a
stream when the flow is uniform steady, one-dinensional, and is
not affected by downstream obstructions or flow changes.
However, there are situations in which a physical structure
| ocated downstream of a particular site wll cause an
obstruction or alteration of the flow resulting in a flood
depth at the site higher than the normal depth. The discussion
bel ow descri bes the appropriate nethods for determ ning BFEs for
reaches that include hydraulic structures.

Hydraulic structures that are conmon in approximate Zone A areas
include road and railroad crossings, including enbanknents,
dans, bridges and culverts, and canal crossings. The flow over
the road, railroad, enbankment, dam or canal can be described as
weir flow Wir flow can be calculated by hand or by conputer
programin order to determne the BFE. Wen fl ow passes through
a bridge or culvert, the BFE can be determned through the use
of nonographs or conputer prograns. The BFE at a structure
where flow travels through a bridge or culvert and over the
crossing can be determned by nonographs, but is nore easily
determned with a conputer program

VWir Fl ow

Determnation of the water-surface elevation for weir flow
requires at least two cross sections. The first cross section
represents the natural valley section downstream of the
structure, and the second cross section represents the road
profile and the opening of the structure (refer to Figure 18,
"Cross Section Locations at Structures.” If the approach
velocity head is to be considered, then a third cross section is
required that represents the natural valley section upstream of
the structure. In nost situations, however, the velocity head
can be assunmed to be negligible, and a third cross section is
not necessary.

The water-surface elevation downstream of the structure should
be determned by using normal depth conputations at the first
cross section, provided there are no structures further
downstream that can create backwater effects (refer to the
nmet hods for determ ning normal depth described previously).

The second cross section, which represents the profile along the
top of the structure including the road or the enbanknent,
should be used to determne the weir length for use in the
equation for weir flow, as shown on the follow ng page.

V- 29



Qui de For Approxi mate Zone A Areas Devel opi ng BFEs

Q= @x Cx L x H?

where: Q = discharge (cfs)
@ = subnergence factor
C = weir coefficient, varies from2.6 to 3.0 and can
be obtai ned fromhydraulic text books
L =weir length (ft)
H = avail able head (ft), neasured fromtop of weir to

t he sel ected energy grade el evation

Several values for H should be selected and the corresponding
di scharge conputed until the total weir flow is larger than the
100-year flood discharge. Plot the discharges and the
correspondi ng energy grade elevations on graph paper. The 100-
year flood energy grade elevation can be determned from this
gr aph. For an approximate analysis, the conputed energy
gradi ent el evation can be considered the BFE.

If the structure profile is not horizontal, as shown in Figure
23, "Weir Flow - Enbankment Profile is Not Horizontal," severa
structure segnents should be used and an average energy depth,
H for that segnent should be determned for use in the above
equation for selected energy grade elevations. The sum of the
weir flow fromeach segnment will then be equal to the total weir
flow for the selected energy grade el evation.

ROAD OR EMBANKMENT PROFILE

ENERGY GRADE LINE-\

le L >« Lez) >le L) >l L ol
\H__T—_y—[_——__‘i_l"_*_l_”l___"_T‘__F

7 | Havaw
Favedn H;we(z)W
Y

Q = (@C:L(l) HAVG(l)S/z) + (@C:L(Z) HAVQ2)3/2)+ (@CL(3) HAVG(3)3/2) + (@C:L(4) H 3/2)

AV 4)

Figure 23 - Wir Flow - Enbanknment Profile is Not Horizontal
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If the downstream water-surface elevation is higher than the
m ni num road el evation, a subnmergence factor nmay be considered
in the weir flow conputation. The subnergence factor is
dependent upon the D)H ratio, where Dis the downstream depth of
wat er above the road and H is the upstream energy grade depth
above the road, as shown in Figure 24, "Wir Flow Over Road."

The subnergence factor nust be considered when the D)H ratio is
nmore than 0.79. For a non-horizontal road profile, the DH
ratio nmust be conputed for each road segnent. The submer gence
factor, @ can be determned from the curve in "Hydraulics of
Bridge Waterways" (Reference 1, Figure 24) and sone typical
val ues are given in the table bel ow

Figure 24 - Wir Flow Over Road

D H @ D' H @
0.998 0. 30 0.944 0. 80
0.992 0. 40 0.932 0. 85
0.986 0. 50 0.915 0. 90
0.976 0. 60 0. 889 0.95
0. 962 0. 70 0.700 1. 00

O her procedures used in Federal agency backwater conputer prograns
can al so be used to determ ne the submergence factor.

A third cross section may be used to determne a nore accurate water-
surface elevation upstream of the structure. This may be done by
assum ng water-surface elevations and calculating the correspondi ng
velocity heads (HV) until an assunmed water-surface elevation plus its
velocity head at that elevation equal the sanme energy gradient
el evation obtained from the weir flow equation. The velocity head,
HV, can be cal cul ated using the foll owi ng equation:

HV = a (A Y29
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wher e: a = velocity coefficient
Q = 100-year flood discharge (cfs)
A = cross section area (ft?) at the assuned
wat er - surface el evation
g = Acceleration due to gravity = 32.2 ft/sec®

An exanple of a weir flow conputation is included in Appendi x 9.

Fl ow Through Structures

Cul verts

At least two cross sections are required to determne the water-
surface elevation upstream of a culvert. The first cross section
shoul d represent the natural valley cross section downstream of the
cul vert, and the second cross section should represent the top of the
enbankment profile and the opening of the structure (refer to Figure

13, "Oross Section Locations at Structures"). The size, type,
| ength, and upstream and downstream invert elevations of the culvert
should be obtained by field survey. The wing wall angle and the

entrance opening configuration, such as sharp edge or rounded edge,
should also be determned froma field survey. The Federal H ghway
Adm nistration publication "Hydraulic Design of H ghway Culverts”
(Reference 2) should be referenced before going to the field so that
all the necessary information for culvert flow conputations can be
collected during one field survey. Witer-surface el evations upstream
of the culvert can then be conputed using the nonographs contained in
t he above-nentioned publication and the procedures outlined bel ow.

The first cross section should be used to determ ne the normal depth
downstream of the culvert, which will be considered as the tailwater
(refer to section on normal depth conputations).

Two conputations are required to determne the headwater when using
Federal H ghway Adm nistration nonographs. One conputation is for
inlet control, and the other conputation is for outlet control. The
headwat er el evations from the two conmputations are then conpared
The higher of the two should be selected as the upstream headwat er
el evati on. If this headwater elevation is higher than the top of
enbanknment profile, weir flow wll occur. Perform at least three
weir flow conputations for headwater elevations between the headwater
that assumes that all the flow is culvert flow (the first
conputation) and the mninum top of enbanknent el evation. For each
sel ected headwater elevation, conpute the culvert flow using Federa
H ghway Adm ni stration nonographs. Conbine the weir flow and cul vert
flow for each selected headwater elevation and plot on graph paper
The BFE for the 100-year flood discharge can then be obtained from
t hi s graph.
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If the site in question is not located inmmediately upstream of a
structure, a normal depth should be conputed at the site. The 100-
year water-surface elevation at the site should be the higher of the
two elevations from the culvert conputation and the normal depth
conput ati on.

Federal H ghway Adm nistration nonographs predict only the energy

grade el evation upstream of the culverts. In nost applications, the
velocity head is assuned to be negligible and, therefore, the energy
grade el evation approximates the actual water-surface elevation. | f

a nore accurate water-surface elevation is desired, a hydraulic
conmputer nodel, such as HEGC 2, should be used to determ ne the BFE

The procedure outlined in the weir flow section to conpute a water-
surface elevation that corresponds to a certain energy grade
el evation may also be used to determne a BFE upstream of a cul vert.

Bri dges

Al though hand conputations can be perfornmed by followng the
procedures for bridge routines in Federal agency conputer nodels, it
is recoomended that the water-surface elevation upstream of bridges
be determned using a conputer nodel. The nunber of cross sections
required at the structure depends upon the type of bridge routine
used. Four cross sections are required if the special bridge routine
in the HEG-2 programis used, and six cross sections are required if
the normal bridge routine in the HEG2 programis used. Three cross
sections are required if the bridge routines in the WSPRO program and

the WSP2 program are used. A step-backwater analysis is also
required to conpute the water-surface elevations with these bridge
routines. The followng prograns are reconmmended to conpute the
wat er - surface el evati on upstream of a bridge:

Conput er Program Agency

HEGC- 2 U S. Arny Corps of Engineers

*HEC- RAS U.S. Arny Corps of Engineers

W5PRO U S. Ceol ogi cal Survey

WEP2 NRCS

*Not available for general use when this guide was published;
pl ease contact our Headquarters office for current status.
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VI. OBTAINING LETTERS OF NMAP CHANCE

Once detail ed nmethods have been applied to devel op BFE data, these
data may be suitable for revising an NFIP map via a Letter of Map
Correction. On Cctober 1, 1992, FEMA inplenented the use of
detailed application and certification forns for requesting
revisions to NFIP maps. Therefore, if a map revision i s requested,
the appropriate forns shoul d be submtted.

FEMA has inplenmented a procedure to recover costs associated with
review ng and processing requests for nodifications to published
flood information and maps. Specific information about these fees
is presented in the application and certification fornmns.

These forns, along with other useful docunents pertaining to the
NFl P, may be obtained from our technical evaluation contractors at
t he addresses |isted bel ow

FEMA Reqions |-V

Dewberry & Davi s
Managenent Engi neering and
Techni cal Services Division

8401 Arlington Boul evard
Fairfax, Virginia 22031
FAX:  (703) 876-0073

FEMA Reqgi ons VI -X

M chael Baker, Jr., Inc.
3601 Ei senhower Avenue
Suite 600

Al exandria, Virginia 22304
FAX: (703) 960-9125

This information is also available through the FEMA Regiona
Ofices listed in Appendix 3.

To provide additional assistance to those who devel op BFE data, a

wor ksheet that synopsizes the procedures detailed in this guide is
found in Appendi x 10.
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Appendi x 1

Q@ ossary of Fl oodpl ain Analysis Terns

1- Percent Annual Chance Flood: the flood that has a one-percent chance of being
equal ed or exceeded on the average in any given year; equivalent to the 100-year
fl ood.

100- Year Flood: the flood that is equaled or exceeded once in 100 years on the
average; equivalent to the one percent annual chance fl ood.

Al luvial Stream a stream that has formed its channel by the process of
aggradation. The sedinent in the streamis simlar to the material in the bed
and banks.

Base Flood: the flood having a one percent chance of being equalled or exceeded
in any given year (the 100-year fl ood).

Base Fl ood El evation (BFE): the water-surface elevation associated with the base
fl ood.

Conveyance: a neasure of the carrying capacity of the channel section. Fl ow
(Discharge (Q) is directly proportional to conveyance (K). The proportional
factor is the square root of the energy slope; expressed as Q= K * S*

Cross Section: a vertical profile of the ground surface taken perpendicular to
the direction of flood flow The profile is defined by coordinates of ground
el evation and horizontal distance (station).

Di scharge: a neasure of flow volune per unit of tine. In hydrol ogy, units of
flow are usually cubic feet per second (cfs).

Exceedence Frequency: the frequency that a flood of a certain discharge will be
equal ed or exceeded in any given year; equal to the inverse of the recurrence
i nterval

Fl ood: (a) a general and tenporary condition of partial or conplete inundation of
normally dry |land areas from (1) the overflow of inland or tidal waters; (2) the
unusual and rapid accurul ation or runoff of surface waters from any source;

(3) nudslides (i.e., nmudflows), which are proxinmately caused by flooding as
defined in (a)(2) above and are akin to a river of liquid and flow ng nud on the
surfaces of normally dry land areas, as when earth is carried by a current of
water and deposited along the path of the current. (b) The collapse or
subsi dence of land along the shore of a |lake or other body of water as a result
of erosion or wundermning caused by waves or currents of water exceeding
anticipated cyclical levels or suddenly caused by an unusually high water |evel
in a natural body of water, acconpanied by a severe storm or by an unantici pated
force of nature, such as flash flood or abnormal tidal surge, or by sone
simlarly unusual and unforeseeable event, which results in flooding as defined
in (a) (1) above.

Fl ood Crest: the naxi num height of a flood, usually neasured as an el evation or
dept h.

Fl ood Hazard: the potential for inundation that involves the risk to life,
heal th, property, and natural floodplain val ues.
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Q@ ossary of Fl oodpl ain Analysis Terns

Fl oodplain: any land area, such as the lowand and relatively flat areas
adjoining inland and coastal waters, susceptible to being i nundated by water from
any source.

Fl oodway: the channel of a river or other watercourse and the adjacent |and areas
that rmust be reserved in order to discharge the base flood wi thout cumulatively
i ncreasing the water-surface elevation nore than a designated height. The base
flood is defined as the one-percent chance flood and the designated height is
usual ly one foot above the base flood elevation; however, this height may vary
(but is not nore than one foot) depending on what the State has adopted.

Fl oodway Fringe: the area between the floodway boundary and the 100-year
fl oodpl ai n boundary.

Fl ow. equi val ent to di scharge.

Fl ow Area: the cross section (see discharge) area of the floodplain bel ow a given
wat er - surface el evati on.

Hazardous Flow. conditions that exist when the product of the depth of flow and
its corresponding velocity are greater than ten (10). For exanple a flow depth
of 3 feet and a flow velocity of 4 feet per second (3 x 4 = 12) would be
consi dered hazardous fl ow.

Hydraulic Depth: an average depth conputed as the Flow Area divided by the top
width of the floodplain for a given water-surface el evation.

Lacustrine Flooding: Flooding produced by a | ake or pond.

Peak Discharge: the maxi mum instantaneous discharge of a flood at a given
| ocati on.

Recurrence Interval: the average interval of time required for a flood of a
specific discharge to occur or be exceeded; equal to the inverse of the
exceedence frequency.

Ri verine Flooding: Flooding produced by a river or stream

Shal l ow Flooding: a designated AO AH, or VO zone on a conmunity's Flood
I nsurance Rate Map with a one percent or greater annual chance of flooding to an
average depth of one to three feet where a clearly defined channel does not
exist, the path of flooding is unpredictable, and velocity flow nay be evident.
Such flooding is characterized by ponding or sheet flow.

Sl ope (Energy): the rate of energy |oss of a watercourse.

Slope (Gound): the change in vertical ground elevation over a horizonta
di stance, usually based on the change in the vertical elevation of the stream
bott om

Steady Flow. state of flow where the depth of flow does not change with tine.

Subcritical Flow. state of flow where the gravitational forces are nore

pronounced than the inertial forces. The flow tends to have a |low velocity. In
general, in this flowregine, the hydraulic depth is nore than twice the velocity
head.

Supercritical Flow state of flow where the inertial forces become dom nant. The
flow tends to have a high velocity. In general, in this flow regine, the
velocity head is equal to or nore than half the hydraulic depth.
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Q@ ossary of Fl oodpl ain Analysis Terns

Unsteady Flow. state of flow where the depth of flow changes with tine.

Uniform Flow depth is constant over channel |ength, and the channel shape, sl ope
and boundary roughness are constant over the channel |ength.

Varied Flow depth of flow changes al ong the channel | ength.

Gradual ly Varied Fl ow depth of flow changes gradually over the channel |ength
Rapi dly Varied Fl ow. depth changes abruptly over a short channel |ength.

Velocity: a rate of novenent (i.e., distance divided by tine). For water, the
rate is expressed in feet per second. Because water in a channel does not al
nove at the same velocity at every point, an average value is used to described
flow velocity. This average velocity equals the discharge divided by the flow
area (QA).

Vel ocity Head: the kinetic energy term(a V' / 2g), in the total energy of flow.

The velocity coefficient (a) is used to adjust for the distribution of velocity
in a cross section of differing roughness.
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Fl ood I nsurance Study Data Request Form

FLOOD | NSURANCE STUDY (FIS) DATA REQUESTS

Requests for FIS data should be made in witing to:

Regions 1-V Regi ons VI-X
Fl ood | nsurance I nformation Speciali st FEMA Project Library
c/ o Dewberry & Davis c/o M chael Baker, Jr., Inc.
2953 Prosperity Avenue 3601 Ei senhower Avenue
Fairfax, Virginia 22031 Suite 600
FAX: (703) 876-0073 Al exandria, Virginia 22304

FAX: (703) 960-9125
The follow ng information should be included in your witten request:

x Conpl ete community nane (including county)
x Communi ty Identification Nunber

x Nane(s) of flooding source(s) and specific location(s) for which
data are needed

x Speci fi c data needed:

HEC-2 i nput and output files
Topogr aphi ¢ data
etc.

xEffective date of FIRM FBFM for which data are requested (enclose an
annot ated copy of FIRMFBFMif available identifying area of interest)

x Agreenent to pay costs associated with processing the request
xFee limt after which authorization is needed

x Cont act person's name, address, and phone nunber

The average request takes approximately 2 to 4 weeks to fill and may cost between
$100 to $200.

You will be contacted after we have determined if the data are available and the
cost to fill the request has been determ ned.

Do not include paynent with your request letter

Checks or noney orders should be nade payable to the National Flood Insurance
Program and sent to:

Federal Emergency Managenent Agency
Fee Col | ection System
P. 0. Box 398
Merrifield, Virginia 22116

Data will be rel eased upon receipt of paynent.
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Federal Emergency Management Agency O fices
and O her Federal and State Agencies

Federal Energency Managenent Agency O fices

HEADQUARTERS

500 C Street, SW
Washi ngton, D.C. 20472
(202) 646-3680

FAX: (202) 646-4596

REG ON |
(Connecticut, Maine, Massachusetts, New Hanpshire, Rhode Island & Vernont)

J.W MCornmack Post Ofice & Courthouse Buil ding, Room 462
Boston, MA 02109

(617) 223-9561

FAX: (617) 223-9574

REG ON | |
(New Jersey, New York, Puerto Rico & Virgin Islands)

26 Federal Plaza, Room 1349
New Yor k, NY 10278

(212) 225-7200

FAX:  (212) 225-7262

REG ON I
(Del aware, District of Colunbia, Maryland, Pennsylvania, Virginia & Wst
Virginia)

Li berty Square Buil ding, Second Fl oor
105 South Seventh Street

Phi | adel phia, PA 19106

(215) 931-5512

FAX: (215) 931-5501

REG ON |V
(Al abama, Florida, Ceorgia, Kentucky, Mssissippi, North Carolina, South Carolina
& Tennessee)

1371 Peachtree Street, N.E., Suite 700
Atl anta, GA 30309

(404) 853-4400

FAX: (404) 853-4440

REG ON V
(I'l'l'inois, Indiana, Mchigan, Mnnesota, Chio & Wsconsin)

175 West Jackson Boul evard
Fourt h Fl oor

Chi cago, |L 60604

(312) 408-5552

FAX: (312) 408-5551
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Federal Emergency Management Agency O fices
and O her Federal and State Agencies

Federal Enmergency Managenent Agency O fices (continued)

REG ON VI
(Arkansas, Louisiana, New Mexico, Cklahoma & Texas)

Feder al Regi onal Center
800 North Loop 288
Denton, TX 76201- 3698
(817) 898-5165

FAX:  (817) 898-5195

REG ON VI |
(1 owa, Kansas, M ssouri & Nebraska)

Federal O fice Building, Room 300
911 WAl nut Street

Kansas City, MO 64106

(816) 283-7002

FAX: (816) 283-7018

REG ON VI I |
(Col orado, Montana, North Dakota, South Dakota, Utah & Wom ng)

Denver Federal Center, Bldg. 710
P. 0. Box 25267

Denver, CO 80225-0267

(303) 235-4830

FAX: (303) 235-4849

REG ON | X
(Arizona, California, Hawaii & Nevada)

Presi di o of San Franci sco
Bui | di ng 105

San Franci sco, CA 94129
(415) 923-7100

FAX: (415) 923-7147

REG ON X
(Al aska, |daho, Oregon & Washi ngton)

Federal Regi onal Center
130 - 228th Street, SW
Bot hel I, WA 98021- 9796
(206) 487-4678

FAX: (206) 487-4613
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Federal Emergency Management Agency O fices
and O her Federal and State Agencies

G her Federal and State Agencies

ALABANA U S. Department of Agriculture
Nat ural Resources Conservation
Al abama Departnment of Econonics Servi ce
and Comunity Affairs 949 East 36th Avenue
State Pl anning Division Suite 400
401 Adanms Avenue Anchor age, AK 99504
Mont gormery, AL 36103 (907) 271-2424

(205) 242-5442
NFI P St ate Coordi nat or

U S. Geol ogi cal Survey

District Chief M. Bob Wal sh

Wat er Resources Division Muni ci pal and Regi onal

520 19th Avenue Assi st ance Divi sion

Tuscal oosa, AL 35401 333 \West 4th  Avenue, Suite 220
(205) 752-8104 Anchor age, AK 99501

(907) 269-4500
U S. Department of Agriculture

Nat ural Resources Conservation ARl ZONA
Servi ce
665 Opelika Rd. Ari zona Departnment of Water Resources
P.O Box 311 15 South 15th Avenue
Auburn, AL 36830 Phoeni x, AZ 85004
(205) 887-4506 (602) 242-1553
NFlI P_St at e Coor di nat or U. S. Geol ogi cal Survey
District Chief
M. Gene Anderson Wat er Resources Division
Director, Al abama Depart nent 375 South Euclid
of Economic and Community Affairs Tucson, AZ 85719
P. O Box 5690 (602) 670-6671
401 Adams Avenue
Mont gonery, AL 36103-5690 U S. Department of Agriculture
(205) 242-5499 Nat ural Resources Conservation
Servi ce
ALASKA 3008 Federal Buil ding
230 N. 1st Avenue
Al aska Depart nent of Phoeni x, AZ 85025
Comunity and Regi onal Affairs (602) 261-6711
Muni ci pal and Regi onal
Assi stance Divi sion NFI P_St at e Coordi nat or
333 West 4th Avenue, Suite 220
Anchor age, AK 99501 Ms. Elizabeth A Rieke
(907) 269-4500 Director, Arizona Departnent
of Water Resources
U. S. Geol ogi cal Survey 15 South 15th Avenue
District Chief Phoeni x, AZ 85007
Wat er Resources Division (602) 542-1540
4230 University Drive, Suite 201
Anchorage, AK 99508-4138 ARKANSAS

(907) 786-7100
Arkansas Soil and Water
Conser vati on Commi ssi on
1 Capitol Mall, Suite 2D
Little Rock, AR 72201
(501) 371-1611
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Feder al

and O her

G her

Feder al

Feder al

Emer gency Managenent Agency O fices
and State Agencies

and State Agenci es

U S. Ceol ogi cal Survey
Wat er Resources Division
401 Hardi n Road

Little Rock, AR 72211
(501) 228-3600

U S. Department of Agriculture

Nat ur al Resources Conservation
Service

Federal O fice Bl dg.

700 West Capitol

P.O Box 2323

Little Rock, AR 72203

(501) 324-6335

NFI P _St at e Coor di nat or

M. Randy Young

Di rector

Arkansas Soil & Water
Conservati on Conm ssi on
101 East Capitol

Littl e Rock, AR 72201
(501) 682-1611

CALI FORNI A

Cal i fornia Departnent of
Wat er Resources

P. O Box 942836

Sacranmento, CA 94236-0001

(916) 653-5791

U. S. Geol ogi cal
District Chief
Wat er Resources Division
Federal Buil di ng, Room W 2233
2800 Cottage \Vay

Sacramento, CA 95825

(916) 978-4633

Sur vey

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

2121 C 2nd Street

Davi s, CA 95616

(916) 757-8200

NFI P _St at e Coor di nat or

M. David Kennedy, Director

California Departnment of
Wat er Resources

P. O Box 942836

Sacranment o, CA 94236-0001

(916) 653-7007

COLORADO

Urban Drai nage and Fl ood Control
District

2480 West 26t h Avenue

Suite 156B

Denver, CO 80211

Col orado Water Conservation Board
Room 721

State Centennial Buil ding,
1313 Sherman Street
Denver, CO 80203

(303) 866-3441

U S. Ceol ogi cal
Di strict Chief
Wat er Resources Division
Denver Federal Center,
Box 25046 (Mail Stop 415)
Lakewood, CO 80225-0046
(303) 236-4882

Sur vey

U S. Departnment of Agriculture

Nat ural Resources Conservation
Servi ce

655 Parfait Street

Room E200C

Lakewood, CO 80215

(303) 236-2886

NFI P St ate Coordi nat or

M. Daries C. Lile, P.E

Director, Col orado Water
Conservati on Board

State Centennial Building

1313 Sherman Street

Denver, CO 80203

(303) 866-3441

CONNECTI CUT

State Departnent of

Envi ronnental Protection
79 Elm Street, 3rd Fl oor
Hartford, CT 06106
(203) 424-3706

U. S. Geol ogical Survey

Hydr ol ogi st -i n- Char ge

Connecticut Ofice

Wat er Resources Division

Abraham A. R bi coff Federal
Bui | di ng, Room 525

450 Main Street

Hartford, CT 06103

(203) 240-3060
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Feder al
and O her

G her Federal

Feder al

Emer gency Managenent Agency O fices
and State Agencies

and State Agenci es

U S. Department of Agriculture

Nat ur al Resour ces Conservation
Servi ce

16 Prof essi onal

Storrs, CT 06268

(203) 429-9361

Par k Road

NFI P St ate Coordi nat or

M. Ti ot hy Keeney, Conmi ssi oner

State Departnent of Environnental
Protection

165 Capitol Avenue

State O fice Building

Hartford, CT 06106

(203) 566-2110

DELAWARE

Departnment of Natural Resources and
Envi ronnent al Contr ol

Division of Soil and Water
Conservati on

P. O Box 1401

89 Ki ngs Hi ghway

Dover, DE 19903

(302) 739-4403

U. S. Geol ogi cal Survey
Hydr ol ogi st -i n- Char ge

Del aware O fice

Wat er Resources Division
Federal Buil di ng, Room 1201
300 South New Street

Dover, DE 19904

(302) 734-2506

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

3500 South DuPont Hi ghway

Dover, DE 19901

(302) 697-6176

NFI P St at e Coor di nat or

M. John A. Hughes, Director

Del aware Departnent of Natural &
Envi ronnmental Contr ol

Ri chardson and Robbi ns Bui | di ng

P. O Box 1401

Dover, DE 19903

(301) 736-4411
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DI STRI CT OF COLUMBI A

Depart ment of Consurmer
Regul atory Affairs
614 H Street Northwest
Washi ngton, DC 20001

(202) 727-7170

U S. Ceol ogi cal
Di strict Chief
Wat er Resources Division
208 Carrol | Building
8600 La Sal |l e Road
Towson, NMD 21286

(410) 828-1535

Sur vey

NFI P St at e Coordi nat or

M. Donal d G Mur r ay, Director

Depart ment of Consumer Regul atory
Affairs

Ofice of the Director

614 H Street, NW

Washi ngton, D.C. 20001

(202) 727-7170

Suite 1120

FLORI DA

Departnment of Community Affairs
East Howard Buil di ng

2740 Centerview Drive

Tal | ahassee, FL 32399-2100
(904) 488-8466

U. S. Geol ogi cal

District Chief

Wat er Resources Division

227 North Bronough Street,
Suite 3015

Tal | ahassee, FL 32301

(904) 942-9500

Sur vey

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

P. O Box 141510

Gai nesville, FL 32614

(904) 338-9500

NFI P St at e Coor di nat or

Ms. Linda Loms Shelley, Secretary

Fl ori da Departnment of Community
Affairs

2740 Centerview Drive

Tal | ahassee, FL 32399-2100

(904) 488-8466
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Federal Emergency Management Agency O fices

and O her Feder al

G her Federal

and State Agencies

and State Agenci es

GEORG A

Department of Natural Resources
Envi ronnental Protection Division
Fl oyd Towers East, Suite 1252
205 Butler Street Sout heast
Atlanta, GA 30334

(404) 656-4713

U S. Geol ogi cal Survey
District Chief

Wat er Resources Division
3039 Amwi l er Road, Suite 130
Atl anta, GA 30360

(404) 447-9803

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

Federal Buil ding

355 East Hancock Avenue

P. O, Box 832

At hens, GA 30613

(404) 546-2272

NFI P St at e Coor di nat or

M. Joe D. Tanner, Commi ssi oner
Ceorgi a Departnent of Natural

Resour ces
205 Butler Street, S.E
Fl oyd Tower s East , Suite 1252

Atl anta, GA 30334
(404) 656-3500

HAWAI |

Hawai i Board of Land and
Nat ur al Resour ces

1151 Punchbow Road, Room 220

Honol ulu, H 96813

(808) 587-0446

U. S. Geol ogi cal Survey

District Chief

Wat er Resources Division

677 Al a Mbana Boul evard, Suite 415
Honol ulu, H 96813

(808) 522-8290

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

300 Al a Mbana Boul evard

P. O Box 50004

Honol ul u, H 96850

(808) 546-3165

NFI P St ate Coordi nat or

M. WIlliam W Paty, Chai r per son
Commi ssi on on Wat er Resour ce
Managenment and Board of Land and
Nat ur al Resour ces

State of Hawaii

P. 0. Box 621

Honol ul u, H 96809

(808) 587-0401

| DAHO

Depart ment of Water Resources
St at e House

1301 North Orchard Street

Boi se, ID 83706

(208) 327-7900

U. S. Geol ogical Survey
District Chief

Wat er Resources Division
230 Colli ns Road

Boi se, ID 83702

(208) 387-1300

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

3244 El der Street

Room 124

Boi se, | D 83705

(208) 334-1601

NFI P St at e Coor di nat or

M. R Keith Higginson, Director
| daho Departnment of Water Resources
1301 N. Orchard

Boi se, I D 83706

(208) 327-7900

ILLINO S

[I'linois Departrment of Transportation
Local Fl ood Pl ai ns Prograns

310 South M chi gan, Room 1606
Chicago, IL 60604

(312) 793-3123

U. S. Geol ogi cal Survey
District Chief

Wat er Resources Division
Chanpai gn County Bank Pl aza
102 East Main Street

Fourt h Fl oor

U bana, IL 61801

(217) 398-5353
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U S. Department of Agriculture

Nat ur al Resour ces Conservation
Servi ce

Federal Buil ding

2110 West Park Court

Suite C

Chanpaign, IL 61821

(217) 398-5212
NFI P St ate Coordi nat or

M. M chael Lene, Secretary

II'linois Department of Transportation
2300 S. Dirksen Par kway

Springfield, IL 62764

(217) 728-5597

| NDI ANA

Department of Natural Resources
608 State O fice Building W256
402 West Washington Street

I ndi anapolis, IN 46204-2748
(317) 232-4020

U. S. Geol ogi cal
District Chief

Wat er Resources Division
5957 Lakesi de Boul evard

I ndi anapolis, IN 46278

(317) 290-3333

Sur vey

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

6013 Lakesi de Boul evard

I ndi anapolis, I N 46275

(317) 290-3030

NFI P St at e Coor di nat or

M. James B Ri denour, Director
I ndi ana Departnment of Natural
Resour ces
608 State Ofice Bui | di ng
I ndi anapolis, IN 46204
(317) 232-4020
| OMA
| owa Departnent of Natural Resources

Wal lace State O fice Building
Des Moines, IA 50319-0034
(515) 281-5385

U. S. Geol ogi cal
District Chief

Wat er Resources Division

P. O Box 1230

lowa City, IA 52244-1230

Sur vey

A3-7

(Street Address:

Federal Buil di ng, Room 269
400 South Cinton Street)
(319) 337-4191

U S. Departnment of Agriculture

Nat ural Resources Conservation
Servi ce

Wal | ace Bui |l di ng

Des Mi nes, | A 50319

(515) 284-5851
NFI P St ate Coordi nat or

M. Larry WIson, Director

lowa Departnent of Natural Resources
Wal | ace State O fice Building

Des Mdines, | A 50319

(515) 281-5385

KANSAS

Di vi si on of \Water Resources

Kansas State Board of Agriculture
901 Sout h Kansas Avenue, 2nd Fl oor
Topeka, KS 66612-1283

(913) 296-3717

U. S. Geol ogi cal
Di strict Chief

Sur vey

Wat er Resources Division
4821 Quail Crest Pl ace
Law ence, KS 66049

(913) 842-9901

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

P. O Box 600

760 Sout h Broadway

Sal i na, KS 67401

(913) 823-4500

NFI P St at e Coor di nat or

M. David L. Pope, P.E

Chi ef Engi neer & Director

Kansas State Board of Agriculture
Di vi sion of Water Resources

901 S. Kansas, 2nd Fl oor

Topeka, KS 66612-1283

(913) 296-3717
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KENTUCKY

Kent ucky Depart nent

of Natural Resources
Di vi si on of \Water
Fort Boone Pl aza
14 Reilly Road
Frankfort, KY 40601
(502) 564-3410

U. S. Geol ogical Survey
District Chief

Wat er Resources Division
2301 Bradl ey Avenue
Louisville, KY 40217
(502) 582-5241

U S. Department of Agriculture

Nat ural Resources Conservation
Servi ce

771 Corporate Drive, Suite 110

Lexi ngt on, KY 40503

(606) 224-7350

FTS  355-2749

NFI P St at e Coor di nat or

M. Jack WIlson, D rector
Kent ucky Divi sion of Water
18 Reilly Road

Fort Boone Pl aza
Frankfort, KY 40601

(502) 564-3410

LQU SI ANA

Loui si ana Department of

Urban and Conmunity Affairs
P. O Box 94455, Capitol Station
Bat on Rouge, LA 70804
(504) 342-9794

U. S. Geol ogi cal Survey
Di strict Chief

Wat er Resources Division
P. O Box 66492

Bat on Rouge, LA 70896
(Street Address:

6554 Fl ori da Boul evard
Bat on Rouge, LA 70806)
(504) 389-0281

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

3636 CGovernment Street

Al exandria, LA 71301

(318) 487-8094

NFI P St ate Coordi nat or

General Jude W P. Patlin, Secretary
Loui si ana Department of
Transportati on & Devel opnent
P. O Box 94245
Bat on Rouge, LA 70804-9245
(504) 379-1200

MAI NE

Mai ne State Planning Ofice
State House Station 38

184 State Street

Augusta, ME 04333

(207) 287-3261

U. S. Geol ogical Survey
Hydr ol ogi st -i n- Char ge
Mai ne O fice

Wat er Resources Division
26 Ganneston Drive
Augusta, ME 04330

(207) 622-8208

U S. Departnment of Agriculture

Nat ural Resources Conservation
Servi ce

USDA Bui | di ng

Uni versity of Maine

5 Godfrey Drive

Orono, ME 04473

(207) 866-7241

NFI P St at e Coor di nat or

M. Mchael W Aube, Conm ssioner

Depart ment of Econom ¢ and
Conmmuni ty Devel opnent

State House Station 59

State Street

Augusta, ME 04333

(207) 287-2656

MARYLAND

Maryl and State Resources
Admi ni stration
Tawes State O fice Building, D2
501 Tayl or Avenue
Annapolis, MD 21401
(410) 974-3041

U. S. Geol ogical Survey
District Chief

Wat er Resources Division
208 Carrol |l Building
8600 La Sal |l e Road
Towson, NMD 21286

(410) 828-1535
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and O her Federal and State Agencies

G her Federal and State Agencies

U S. Departnment of Agriculture U. S. Geol ogi cal Survey
Nat ur al Resources Conservation District Chief

Service Wat er Resources Division
339 Busch's Frontage Road 6520 Mercantile Way, Suite 5
Suite 301 Lansing, M 48910
Annapolis, MD 21401-5534 (517) 887-8903

(410) 757-0861
U S. Departnment of Agriculture

NFI P St at e Coordi nat or Nat ural Resources Conservation
Servi ce
Ms. Catherine Pieper Stevenson Room 101
Director, Maryland Water Resources 1405 S. Harrison Road
Admi ni stration East Lansing, M 48823
Tawes State O fice Building D2 (517) 337-6701
Annapolis, MD 21401
(301) 974-3896 NFI P_St at e Coordi nat or
MASSACHUSETTS M. Roland Harnms, Director
M chi gan Departnent of Natural
Massachusetts Water Resour ces
Resour ces Conmmi ssi on Land and Water Managenment Divi sion
State O fice Building P. O Box 30028
100 Canbridge Street Lansing, M 48909
Bost on, MA 02202 (517) 373-3930
(617) 727-3267
M NNESOTA
U. S. Geol ogical Survey
District Chief Fl ood Pl ai ns/ Shorel i ne
Wat er Resources Division Managenment Section
28 Lord Road Di vi sion of Waters
Mar | bor ough, MA 01752 Departnment of Natural Resources
(508) 485-6360 500 Lafayette Road, Box 30
St. Paul, MN 55515-4032
U S. Department of Agriculture (612) 297-2405
Nat ural Resources Conservation
Servi ce U. S. Geol ogi cal Survey
451 West Street District Chief
Anmherst, MA 01002 Wat er Resources Division
(413) 253-4350 2280 Wodal e Road
Moundsvi l l e, MN 55112
NFlI P_St at e Coor di nat or (612) 783-3100
M. Peter C. Webber, Conm ssioner U S. Department of Agriculture
Massachusetts Department of Nat ural Resources Conservation
Envi ronnent al Managenent Servi ce
State O fice Building 600 Farm Credit Buil ding
100 Canbridge Street 375 Jackson Street
Bost on, MA 02202 St. Paul, M 55101
(617) 727-3180 x600 (612) 290-3675
M CH GAN NFI P_St at e Coordi nat or
Engi neeri ng Water M. Ronal d Nargang, Director
Managenment Commi ssion M nnesot a Departnent of Natural
M chi gan Departnent of Resour ces
Nat ural Resources Di vi si on of Vater
P. O Box 30028 500 LaFayette Road, Box 32
Lansing, M 48909 St. Paul, M\ 55515-0432
(517) 373-3930 (612) 296-4800
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and O her Federal and State Agencies

G her Federal

and State Agenci es

M SSI SSI PPI

M ssi ssi ppi Research and
Devel opnent Center

3825 Ri dgewood Road

Jackson, M 39211

(601) 982-6376

U S. Ceol ogi cal Survey

District Chief

Wat er Resources Division

Federal Ofice Building, Suite 710
100 West Capitol Street

Jackson, M5 39269

(601) 965-4600

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

100 W Capitol

Suite 1321

Federal Buil ding

Jackson, M5 39269

(601) 969-5205

NFI P St at e Coor di nat or

M. J. E. Maher, Director

M ssi ssi ppi Energency Managenent
Agency

1410 Riverside Drive

P. O Box 4501

Jackson, Ms 39216

(601) 352-9100

M SSCOURI

Departnment of Natural Resources
P.O Box 176

205 Jefferson Street

Jefferson CGty, MO 65102
(314) 751-4422

U. S. Geol ogi cal Survey

District Chief

Wat er Resources Division

1400 | ndependence Road,
(Mai |l Stop) 200

Rolla, MO 65401

(314) 341-0824

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

601 Busi ness Loop

70 West Parkdal e Center, Suite 250

Col unbi a, MO 65202

(314) 876-0903

NFI P St ate Coordi nat or

Di rector

M ssouri Departnent of Natural
Resour ces

101 N. Jefferson Street

P.O Box 176

Jefferson City, MO 65102

(314) 751-4422

MONTANA

Mont ana Departnent of Natural
Resources and Conservati on

1520 East Si xth Avenue

Hel ena, MI' 59620

(406) 444-6646

U. S. Geol ogical Survey
Federal Buil di ng, Room 428
Drawer 10076

301 South Park Avenue

Hel ena, MI 59626-0076
(406) 449-5302

U S. Departnment of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

10 E. Babcock

Room 443

Bozeman, MI 59715

(406) 587-6811

NFI P St at e Coor di nat or

M. Mark Sinonich, Drector

Mont ana Departnment of Natural
Resources and Conservati on

1520 East 6th Ave.

Hel ena, MI 59620

(406) 444-6699

NEBRASKA

Nebr aska Nat ural Resources
Conmi ssi on

P. 0. Box 94876

Li ncoln, NE 68509-4876

(402) 471-2081

U. S. Geol ogical Survey
District Chief

Wat er Resources Division
Federal Buil di ng, Room 406
100 Centennial Mall North
Li ncoln, NE 68508

(402) 437-5082
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U S. Department of Agriculture
Nat ur al Resour ces Conservation
Servi ce
Feder al Buil di ng,
U. S. Court house
100 Cent enni al
P. 0. Box 82502
Li ncol n, NE 68508- 3866
(402) 437-5300

Rm 345

Mall, North

NFI P _St at e Coor di nat or

M. Dayle WIIlianmson, Director

Nebr aska Nat ural Resources
Commi ssi on

P. 0. Box 94876

Li ncol n, NE 68509

(402) 471-2081

NEVADA

Di vi sion of Energency Managenent
State of Nevada

Capi tol Conpl ex

Carson City, Nv 89710

(702) 885-4240

U. S. Geol ogical Survey
Hydr ol ogi st -i n- Char ge
Nevada O fice

Wat er Resources Division
Federal Buil di ng, Room 224
705 North Plaza Street
Carson City, Nv 89701
(702) 882-1388

U S. Department of Agriculture

Nat ural Resources Conservation
Servi ce

5301 Longway Lane

Building F, Suite 201

Reno, NV 89511

(702) 784-5863

NFI P St at e Coor di nat or

M. David McN nch

Nevada Di vi si on of Emergency
Managenent

2525 S. Carson

Capi tol Conpl ex

Carson City, Nv 89710

(702) 885-4240
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NEW HAMPSHI RE

O fice of Emergency Managenent
State OFfice Park South

107 Pl easant Street

Concord, NH 03301

(603) 271-2231

U. S. Geol ogi cal Survey
Hydr ol ogi st -i n- Char ge

New Hanpshire O fice

WAt er Resources Division
525 dinton Street, RFD 2
Bow, NH 03304

(603) 225-4681

U S. Departnment of Agriculture

Nat ural Resources Conservation
Servi ce
Federal Buil ding

2 Madbury Road
Dur ham NH 03824
(603) 868-7581

NFI P St ate Coordi nat or

Col. George L. lverson, Director
CGovernor's O fice of
Emer gency Managenent
State O fice Park South
107 Pl easant Street
Concord, NH 03301

(603) 271-2231
NEW JERSEY

New Jer sey Departnent of
Envi ronmental Protection and Energy
Fl ood Pl ai n Managenent Section
CN 419
Trenton, NJ 08625-0419
(609) 292-2296

New Jer sey Departnment of
Envi ronmental Protection and Energy
Di vi sion of Natural and Historic
Resour ces Engi neering and
Construction
El enment
Fl oodpl ai n Managenment Section
Station Plaza 5
501 East State Street, 1st Floor
Trenton, New Jersey 08625-0419
(609) 292-2296
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and State Agencies

and State Agenci es

U S. Geol ogi cal Survey

Di strict Chief

Wat er Resources Division

Mountain View O fice Park,
Suite 206

810 Bear Tavern Road

West Trenton, NJ 08628

(609) 771-0065

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

1370 Hamilton Street

Sonerset, NJ 08873

(908) 725-3848

NFI P St at e Coor di nat or

M. Scott A Weiner, Conm ssioner

New Jer sey Department of

Envi ronnental Protection and Energy

CN 402
Trenton, NJ 08625
(609) 292-2885

NEW MEXI CO

New Mexi co State Engineer's Ofice

Bat aan Menorial Buil di ng
P. 0. Box 25102
Santa Fe, NM 87504-5102
(505) 827-6091

U. S. Geol ogi cal Survey
District Chief

Wat er Resources Division
4501 I ndi an School Road, NE
Suite 200

Al buquer que, NM 87110
(505) 262-5300

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

P. O Box 2007

517 Gold Avenue, SW, Rm 301

Al buquer que, NM 87102

(505) 766-3277

NFI P _St at e Coor di nat or

M. Keith Lough

O fice of Emergency Pl anning
and Coordi nation

Department of Public Safety
P. O Box 1628

Santa Fe, NM 87503

(505) 827-6091

NEW YORK

Fl ood Protection Bureau
New Yor k Departnent of
Envi ronnental Conservati on
50 Wl f Road
Al bany, NY 12233-3507
(518) 457-3157

U. S. Geol ogi cal Survey
District Chief

WAt er Resources Division
445 Broadway, Room 343
Al bany, NY 12201

(518) 472-3107

U S. Departnment of Agriculture

Nat ural Resources Conservation
Servi ce

441 South Salina Street

5th floor, Suite 354

Syracuse, NY 13202

(315) 477-6508

FTS 950- 5521

NFI P St ate Coordi nat or

M. James F. Kelly, Director

Fl ood Protecti on Bureau

New York State Departnent of
Envi ronnent al Conservati on

50 Wl f Road, Room 330

Al bany, NY 12233-3507

(518) 457- 3157

NORTH CARCLI NA
North Carolina Departnent of

Crine Control and Public Safety

Di vi si on of Emergency Managenent
116 West Jones Street
Ral ei gh, NC 27603
(919) 733-3867

U. S. Geol ogi cal Survey
District Chief

Wat er Resources Division
P. O, Box 30728

3916 Sunset Ri dge Road
Ral ei gh, NC 27622

(919) 856-4510

U S. Departnment of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

4405 Bl and Avenue

Suite 205

Ral ei gh, NC 27609

(919) 790-2888

A3-12



Appendi x 3 - conti nued

Feder al
and O her

G her Federal

Feder al

Emer gency Managenent Agency O fices
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NFI P St ate Coordi nat or

M. Joseph F. Myers, Director

North Carolina Division of
Enmer gency Managenent

116 West Jones Street

Ral ei gh, NC 27603

(919) 733-3867

NORTH DAKCTA

State Water Conmi ssion
900 East Boul evard

Bi smarck, ND 58505
(701) 224-2750

U. S. Geol ogi cal
District Chief
Wat er Resources Division
821 East Interstate Avenue
Bi smarck, ND 58501

(701) 250-4601

Survey

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

Federal Building, Rm 270

Rosser Ave. & Third St.

P. O Box 1458
Bi smarck, ND 58502
(701) 250-4435

NFI P St at e Coor di nat or

M. David A Sprycnzynatyk
St at e Engi neer

North Dakota State Water
900 E. Boul evard

Bi smark, ND 58505

(701) 224-4940

Commi ssi on

OH O

Chi o Departnent of Natural Resources
Fl ood Pl ain Pl anni ng Unit

Di vi si on of Water

1939 Fountai n Square

Col umbus, OH 43224

(614) 265-6750

U. S. Geol ogi cal
District Chief
Wat er Resources Division
975 West Third Avenue
Col unbus, OH 43212
(614) 469-5553

Sur vey

A3-13

U S. Departnment of Agriculture

Nat ural Resources Conservation
Servi ce

Room 522

Federal Buil ding

200 North High Street

Col unmbus, OH 43215

(614) 469-6962

NFI P St ate Coordi nat or

M's. Frances S. Buchhol zer, D rector
Chi o Department of Natural
Resour ces
Fount ai n Squar e
Col unbus, OH 43224

(614) 264- 6875
OKLAHOVA

Ckl ahoma Wat er Resources Board
600 North Harvey Avenue

P. 0. Box 150
Ol ahoma City,
(405) 231-2500

K 73101-0150

U. S. Geol ogi cal
Di strict Chief

Sur vey

Wat er Resources Division
202 NWSixty Sixth, Building 7
Ol ahoma Gty, OK 73116

(405) 843- 7570

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

100 USDA

Suite 203

Stillwater, OK 74074

(405) 742-1200
NFI P St at e Coor di nat or

Ms. Patricia P. Eaton
Executive Director

Ckl ahoma Wat er Resources Board
600 N. Harvey
&l ahoma Gity,
(405) 231-2500

K 73101

OREGON

Department of Land Conservati on
and Devel opnent

1175 Court Street Northeast

Salem OR 97310

(503) 373-0050
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G her Federal and State Agencies

U. S. Geol ogi cal Survey (717) 782-2202
Hydr ol ogi st -i n- Char ge FTS  590-2202
Oregon Ofice
WAt er Resources Division PUERTO RI CO
847 Northeast 19th Avenue,
Suite 300 Puerto Rico Pl anni ng Board
Portl and, OR 97323 1492 Ponce De Leon Avenue, Suite 417
(503) 251-3200 Santurce, Puerto Rico 00907

(809) 729-6920
U S. Department of Agriculture

Nat ural Resources Conservation U S. Geol ogi cal Survey
Servi ce District Chief
2115 SE Morrison Wat er Resources Division
Portl and, OR 97214 GPO Box 4424
(503) 231-2270 San Juan, PR 00936
(Street Address:
NFlI P_St at e Coor di nat or GSA Center, Building 652
H ghway 28, Puebl o Viejo)
M. Richard Benner (809) 783-4660
O egon Department of Land
Conservati on and Devel opnent U S. Department of Agriculture
1175 Court Street, N E Nat ural Resources Conservation
Salem OR 97310 Servi ce
(503) 378-4928 Federal Building, Rm 639
Chardon Avenue
PENNSYLVANI A GPO Box 4868
San Juan, PR 00936
Departnent of Conmunity Affairs (809) 753-4206
317 Forum Bui | di ng
Harrisburg, PA 17120 NFI P St at e Coor di nat or
(717) 787-7160
U. S. Geol ogi cal Survey Ms. Norma N. Burgos, President
District Chief Puerto Rico Pl anni ng Board
Wat er Resources Division P. O Box 41119
840 Market Street San Juan, PR 00940-9985
Harrisburg, PA 17043-1586 (809) 727-4444

(717) 730-6900
RHODE | SLAND
Ms. Karen A. Mller, Secretary

Pennsyl vani a Departnent of St at ew de Pl anni ng Program
Comunity Affairs Rhode Island Ofice of State Planning
P.O Box 155 1 Capitol H Il
317 Forum Bui | di ng Provi dence, R 02908
Harrisburg, PA 17120 (401) 277-2656

(717) 787-7160
U. S. Geol ogical Survey

U S. Department of Agriculture Hydr ol ogi st -i n- Char ge
Nat ur al Resour ces Conservati on Rhode Island O fice

Servi ce Wat er Resources Division
One Credit Union Place 275 Promanade Street, Suite 150
Suite 340 Provi dence, RI 02908
Harrisburg, PA 17110-2993 (401) 331-9050

NFI P St at e Coor di nat or

Federal Buil ding

U.S. Courthouse

805 985

Federal Square Station
Harrisburg, PA 17108
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U S. Departnment of Agriculture U. S. Geol ogi cal Survey
Nat ur al Resour ces Conservation District Chief

Servi ce Wat er Resources Division
40 Quaker Lane, Suite 46 Federal Buil ding, Room 317
West Warwi ck, Rl 02886 200 Fourth Street Sout hwest
(401) 828-1300 Huron, SD 57350-2469

(605) 353-7176
NFI P St ate Coordi nat or

U S. Departnment of Agriculture

M. Daniel W Varin Nat ural Resources Conservation
Associ ate Director Servi ce

Departnent of Transportation Federal Building, Rm 203
Ofice of Systens Pl anning 200 4th Street, SW

1 Capitol HII Hur on, SD 57350

Provi dence, R 02908-5872 (605) 353-1092

(401) 277-6578
NFI P St at e Coordi nat or

SOUTH CAROLI NA
M. Gary N. Whitney, Director

Sout h Carolina Water and Natural Sout h Dakota Departnent of
Resour ces Conmmi ssi on Mlitary and Veteran Affairs
1201 Main Street, Suite 1100 Di vi si on of Emergency and
Col umbi a, SC 29201 Di saster Services
(803) 737-0800 500 E. Capitol
Pierre, SD 57501
U. S. Geol ogi cal Survey (605) 773-3231
District Chief
Wat er Resources Division TENNESSEE
St evenson Center, Suite 129
720 Gracern Road Tennessee Departnent of Econonic
Col unbi a, SC 29210-7651 and Comuni ty Devel opnent
(803) 750-6100 Di vi si on of Community Devel opnent
320 Sixth Avenue North, Sixth Fl oor
U S. Department of Agriculture Nashville, TN 37243-0405
Nat ural Resources Conservation (615) 741-1888
Servi ce
Federal Bldg., Rm 950 U. S. Geol ogical Survey
1835 Assenbly St. District Chief
Col unmbi a, SC 29201 Wat er Resources Division
(803) 765-5681 810 Broadway, Suite 500
Nashville, TN 37203
NFl P_St at e Coor di nat or (615) 736-5424
M. Danny Johnson, Director U S. Departnment of Agriculture
Surface Water Division Nat ural Resources Conservation
Sout h Carolina Water Resources Servi ce
Conmi ssi on U S. Courthouse, Rm 675
1201 Mai n Street, Suite 1100 801 Broadway Street
Col unmbi a, SC 29201 Nashville, TN 37203
(803) 737-0800 (615) 736-5471

FTS  852-5471
SQUTH DAKOTA

Di saster Assistance Prograns

Emer gency and Managenent Services
500 East Capitol

Pierre, SD 57501

(605) 773-3231
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NFI P St ate Coordi nat or

M. Mchael MGire
Assi st ant Conm ssi oner

Tennessee Departnment of Econom ¢ and

Conmmuni ty Devel opnent
320 Si xth Avenue
North Nashville, TN 37219-5408
(615) 741-2211

TEXAS

Texas Natural Resource
Conser vati on Commi ssi on

P. O. Box 13087

Capitol Station

Austin, TX 78711-3087

(512) 239-1000

U. S. Geol ogical Survey
District Chief

Wat er Resources Division
8011 Caneron Road
Austin, TX 78754

(512) 873-3000

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

Federal Bl dg.

101 S. Main Street

Tenpl e, TX 76501

(817) 774-1214

NFI P St at e Coor di nat or

M. Jesus @&l za
Executive Director
Texas Water Conmm SSion
P. 0. Box 13087

Capitol Station
Austin, TX 78711-3087
(512) 463-7791

UTAH

Ofice of Conprehensive
Enmer gency Managenent

State O fice Building, Room 1110

Salt Lake Gity, UT 84114
(801) 538- 3400

U. S. Geol ogi cal Survey
District Chief

Wat er Resources Division
2363 Foothill Drive

Salt Lake City, UT 84109
(801) 467-7970

U S. Departnment of Agriculture

Nat ural Resources Conservation
Service

Federal Buil ding

125 S. State Street

P. O Box 11350

Salt Lake Gty, UT 84147

(801) 524-5068

NFI P St at e Coordi nat or

Ms Lor ayne Frank, Director

Debartment of Public Safety

Di vi sion of Conprehensive Emergency

Managemnent

State O fice Building, Room 1110

450 North Main
Salt Lake City, UT 84114
(801) 538-3400

VERMONT

Agency of Natural Resources

Departnment of Environmental
Conservation

Water Quality Division

103 South Main Street - 10N

Wat erbury, VT 05671-0408

(802) 241-3777

U. S. Geol ogi cal Survey
District Chief

Wat er Resources Division
P.O. Box 628

Mont pel i er, VT 05602
(802) 828-4479

U S. Departnment of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

69 Uni on Street

W nooski, VT 05404

(802) 951-6795

NFI P _St at e Coor di nat or

M. Chuck d arde, Secretary
Agency of Natural Resources
Center Buil ding

103 South Main Street
Wat er bury, VT 05671-0301
(802) 244-7347
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VI RG N | SLANDS
Virgin Islands of the U S

Virgin Islands Pl anni ng Depart nent

and Natural Resources
Charl otte Amalie
Ni sky Center, Suite 231
St. Thomms, VI 00802
(809) 774-3320

U. S. Geol ogi cal
Di strict Chief
Wat er Resources Division
GPO Box 4424

San Juan, PR 00936
(Street Address:

GSA Center, Building 652
H ghway 28, Puebl o Viejo)
(809) 783-4660

Sur vey

NFI P St at e Coor di nat or

M. Roy E. Adanms, Commi ssioner
Virgin |Islands Departnent of

Pl anni ng and Natural Resources
Suite 231, Ni sky Center
Charlotte Amalie
St. Thomas, VI 00802
(809) 774-3320

VIRG NI A

Virginia State Departnent of
Environnental Quality

4900 Cot Road

den Allen, VA 23060

(804) 527-5000

U. S. Geol ogical Survey
Hydr ol ogi st -i n- Char ge
Virginia Ofice

Wat er Resources Division
3600 West Broad Street
Room 606

R chnond, VA 23230
(804) 771-2427

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

1606 Santa Rosa Road

Suite 209

R chnond, VA 23229

(804) 287-1689
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NFI P St ate Coordi nat or

M. Roland B. Geddes, Director
Depart ment of Conservation and
Hi storic Resources
203 CGovernor Street,
Ri chnond, VA 23219
(804) 786-4356

Suite 206

WASHI NGTON

Depart ment of Ecol ogy
P. O Box 47600

A ynpia, WA 98504-7600
(206) 407-6000

U. S. Geol ogi cal
District Chief
Wat er Resources Division

1201 Pacific Avenue, Suite 600
Taconan, WA 98402

(206) 593-6510

Sur vey

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

316 Boone Avenue

Suite 456

Spokane, WA 99201

(5C9) 353-2336

NFI P _St at e Coor di nat or

M. Chuck dark

Washi ngt on Department of Ecol ogy
P. O Box 47600

A ynpi a, WA 98504- 7600

(206) 459-6168

VEST VIRG NI A

West Virginia Ofice of
Enmer gency Servi ces
Room EB- 80, Capitol Building
Charl eston, W 25305
(304) 348-5380

U. S. Geol ogi cal
District Chief
Wat er Resources Division
11 Dunbar Street

Charl eston, W 25301
(304) 347-5130

Survey

U S. Department of Agriculture

Nat ural Resources Conservation
Servi ce

75 Hgh Street, Rm 301

Mor gant own, W/ 26505

(304) 291-4151
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G her Federal
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NFI P St ate Coordi nat or

M. Carl Bradford, Director

West Virginia Ofice of
Emer gency Servi ces

Room EBI - 80

Capi tol Building

Char | est on, W 25305

(304) 348-5380

W SCONSI N

Departnment of Natural Resources

Dam Saf et y/ Fl oodpl ai n
Managenent Section

P.O Box 7921

Madi son, W 53707
(608) 266-2621

U. S. Geol ogi cal
District Chief
Wat er Resources Center

Uni versity of Wsconsin/ Madi son
1975 Wl lard Drive

Madi son, W 53706- 4042

(608) 262-3577

Sur vey

U S. Department of Agriculture

Nat ur al Resour ces Conservati on
Servi ce

6515 Watts Road

Suite 200

Madi son, W 53719

(608) 264-5341

NFI P St at e Coor di nat or

M. Carroll D. Besandy, Secretary

W sconsi n Departnent of Natural
Resour ces

P. O Box 7921

Madi son, W 53707

(608) 266-2121

WYOM NG

Woni ng Emergency Managenent Agency
P. O Box 1709

Cheyenne, WY 82003-1709

(307) 777-4900

U. S. Geol ogi cal
District Chief
Wat er Resources Division
P. O Box 1125

Cheyenne, WY 82003
(Street Address:

2617 East Lincol n Wy
Cheyenne, W 82001

(307) 772-2153

Survey

U S. Departnment of Agriculture

Nat ural Resources Conservation
Servi ce
Federal O fice Building

100 East "B" Street
Casper, W 82601
(307) 261-5231

NFI P St ate Coordi nat or

M. Joe Daly, Coordinator

Woni ng Emergency Managenent
Agency

P. O Box 1709

Cheyenne, W 82003

(307) 777-7566
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US. Arny Corps of Engineers

U S. Arny Corps of Engineers
Headquarters

20 Massachusetts Ave., NW
Washi ngton, D.C. 20314-1000
Attn: CECW PF

202/ 272- 0169

U S. Arny Corps of Engineers

Lower M ss. Valley Division
P.O Box 80
Vi cksburg, MS 39181-0080

Attn: CELMW-PD-CM
601/ 634- 5827

U.S. Arny Corps of Engineers
Menphi s District

167 North Main Street,
Menphis, TN 38103-1894
Attn: CELMV PD-M

901/ 544- 3968

B- 202

U.S. Arny Corps of Engineers
New Ol eans District

P. 0. Box 60267

New Orl eans, LA 70160-0267
Attn: CELMN- PD- FG

504/ 865- 1121

U S. Arny Corps of
St. Louis District
1222 Spruce Street
St. Louis, MO
63103- 2833

Attn: CELMS-PD-M
314/ 331- 8483

Engi neers

U.S. Arny Corps of Engineers
Vi cksburg District

2101 North Frontage Road

Vi cksburg, MS 39180- 0060
Attn: CELMK- PD-FS

601/ 631-5416

U S. Arny Corps of Engineers
M ssouri River Division
12565 West Center Road
Omaha, NE 68104- 3869

Attn: CEMRD-PD-F

402/ 221-7273

U S. Arny Corps of Engineers
Kansas City D strict

700 Federal Buil ding Kansas
Cty, MO 64106-2896

Attn: CEMRK-PD-P

816/ 426- 3674
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U S. Arny Corps of Engineers
Omaha District

215 North 17th Street

Omaha, NE 68102-4978

Attn: CEMRO PD-F

402/ 221- 4596

U S. Arny Corps of Engineers
North Atlantic D vision

90 Church Street

New Yor k, NY 10007-2979
Attn: CENAD- PL- FP

212/ 264-7482

U.S. Arny Corps ot Engineers
Bal tinmore District

Supervi sor of Baltinore Harbor

P. O Box 1715

Bal timore, MD 21201-1715
Attn: CENAB-PL-B

410/ 962- 7608

U.S. Arny Corps of Engineers
New York District,
Fl oodpl ai n Managenment Section
26 Federal Pl aza
New Yor k, NY 10278
Attn: CENAN-PL-FP
212/ 264- 8870

U.S. Arny Corps of Engineers
Norfol k District

Supervi sor of Norfol k Harbor
803 Front Street

Nor f ol k, VA 23510- 1096

Attn: CENAO PL-FP

804/ 441-7779

U S. Arny Corps of Engineers
Phi | adel phia District

U. S. Custons House

2nd & Chestnut Streets

Phi | adel phia, PA 19106-2991
Attn: CENAP-PL-F

215/ 656- 6516

U.S. Arny Corps of Engineers
North Central Division
111 North Canal Street,
Chi cago, |IL 60606

Attn: CENCD- PD- FP

312/ 353- 1279

Pl anni ng Di vi si on,

14t h Fl oor
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US. Arny Corps of Engineers

U S. Arny Corps of Engineers
Buffalo District, Planning D vision,

U S. Arny Corps of Engineers
Portland District

Fl oodpl ai n Managenent Secti on
1776 Niagara Street

Buf fal o, NY 14207-3199

Attn: CENCB- PD- FP

716/ 879- 4104

U S. Arny Corps of Engineers
Chi cago District

111 North Canal Street

14t h Fl oor

Chi cago, |IL 60606

Attn: CENCC- PD-R

312/ 353- 6400

U S. Arny Corps of Engineers
Detroit District

477 M chi gan Avenue

Detroit, M 48226

Attn: CENCE- PD- PF

313/ 226-6773

U.S. Arny Corps of Engineers
Rock Island District

P. 0. Box 2004

Cl ock Tower Buil ding

Rock Island, IL 61204-2004
Attn: CENCR-PD-F

309/ 788- 4750

U.S. Arny Corps of Engineers
St. Paul District

190 Phi pps Street East

St. Paul, MN 55101-1638
Attn: CENCS-PD- FS

612/ 290- 5200

U S. Arny Corps of Engineers
New Engl and Di vi si on

424 Trapel o Road

Wal tham MA 02254-9149

Attn: CENED PL-B

617/ 647-8111

U S. Arny Corps of Engineers
North Pacific Division

333 Sout hwest 1st Avenue
Portl and, OR 97204

Attn: CENPD- PL-FS

508/ 326- 6021

U.S. Arny Corps of Engineers
Al aska District

P. 0. Box 898

Anchor age, AK 99506- 0898
Attn: CENPA-EN- PL-FP

907/ 753- 2504

P. 0. Box 2946

Portl and, OR 97208-2946
Attn: CENPP-PL-CF

503/ 326- 6411

U S. Arny Corps of Engineers
Seattle District

P.O Box 3755

Seattle, WA 98124-2255

Attn: CENPS- EN-HH

206/ 764- 3660

U.S. Arny Corps of Engineers
Walla Walla District

Bl dg. 602 City-County Airport
Valla Walla, WA 99362-9265
Attn: CENPW PL-FP

509/ 522- 6589

U S. Arny Corps of Engineers
Chio River Division

P.O. Box 59

Loui svill e, KY 40201-0059
Attn: CEORD PD-J

502/ 582- 5782

U S. Arny Corps of Engineers
Huntington District

502 8th Street

Hunt i ngt on, W 25701- 2070
Attn: CEORH PD-S

304/ 529- 5644

U.S. Arny Corps of Engineers
Louisville District

P.O. Box 59

Loui svill e, KY 40201-0059
Attn: CEORL-PD S

502/ 582- 5742

U.S. Arny Corps of Engineers
Nashville District

P. 0. Box 1070

Nashville, TN 37202-1070
Attn: CEORN ED- P

615/ 736- 5055

U S. Arny Corps of Engineers
Pittsburgh District

Wl liam S. Morehead Fed. Bl dg.

1000 Liberty Avenue

Pi tt sburgh, PA 15222-4186
Attn: CEORP-PD-J

412/ 644- 6924
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US. Arny Corps of Engineers

U S. Arny Corps of Engineers
Paci fic Ocean Division

Ft. Shafter, H 96858-5440
Attn: CEPOD- ED- PH

808/ 438- 7009

U S. Arny Corps of Engineers
Charl eston District,
Charl eston, SC 29402-0919
Attn: CESAC- EN- PH

803/ 727- 4263

U S. Arny Corps of Engineers
South Atlantic Division

611 South Cobb Drive
Marietta, GA 30060

Attn: CESAD PD- A

404/ 421- 5296

U S. Arny Corps of Engineers
Jacksonville District

P. O, Box 4970

Jacksonville, FL 32232-0019
Attn: CESAJ- PD-FP

904/ 232- 2234

U S. Arny Corps of Engineers
Mobile District

P. 0. Box 2288

Mobi I e, AL 36628-0001

Attn: CESAM PD-P

205/ 694- 3879

U S. Arny Corps of Engineers
Savannah District

P. O. Box 889

Savannah, GA 31402-0889
Attn: CESAS-PD-F

912/ 652-5822

U S. Arny Corps of Engineers
Wl mngton District

P. 0. Box 1890

W m ngton, NC 28402-1890
Attn: CESAWPD-F

910/ 251- 4822

U S. Arny Corps of Engineers
Sout h Pacific Division,
630 Sansome Street

San Franci sco, CA 94111-2206
Attn: CESPD- PD- P

415/ 705- 2427

U S. Arny Corps of Engineers
Los Angeles D strict

P. O Box 2711

Los Angel es, CA 90053- 2325
Attn: CESPL-PD W

213/ 894- 5450

P. 0. Box 919

Room 720
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U S. Arny Corps of Engineers
Sacranento District

1325 G Street

Sacranment o, CA 95814-4794
Attn: CESPK-PD F

916/ 557- 6700

U S. Arny Corps of Engineers
San Francisco District

211 Main Street

San Franci sco, CA 9410S-1905
Attn: CESPN PE-W

415/ 744- 3029

U.S. Arny Corps of Engineers
Sout hwest ern Di vi si on

1114 Commerce Street

Dal | as, TX 75242-0216

Attn: CESWD- PL-M

214/ 767- 2310

U.S. Arny Corps of Engineers
Al buquerque District

P. 0. Box 1580

Al buquer que, NM 87103-1580
Attn: CESWA- ED- PH

505/ 766- 2635

U S.
Fort
P. QO

Army Corps of Engineers
Wrth District

Box 17300

Fort Worth, TX 76102- 0300
Attn: CESW-PL-F

817/ 334- 3207

U.S. Arny Corps of Engineers
Gal veston District

P.O. Box 1229

Gal veston, TX 77553-1229
Attn: CESWG PL-P

409/ 766- 3023

U.S. Arny Corps of Engineers
Little Rock District

P. 0. Box 867

Little Rock, AR 72203-0867
Attn: CESW-PL-F

501/ 378- 5611

U.S. Arny Corps of Engineers
Tul sa District

P. O Box 61

Tul sa, OK 74121 0061

Attn: CESW-PL-GF

918/ 581- 7896
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Ri ver Basin Conmm ssions

Del aware Ri ver Basin Conmi ssi on
25 State Police Drive

Box 7360

West Trenton, NJ 08628

609/ 883- 9500

Susquehanna Ri ver Basin Comm ssion
1721 North Front Street

Harrisburg, PA

717/ 238- 0422
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State Hydrol ogy Reports

ALABANVA

Adin, D.A and Bingham R H, 1982, Synthesized flood frequency of urban streans
in Al abama: U. S. Ceol ogical Survey Water-Resources |nvestigations 82-683.

Ain, D A, 1984, Mgnitude and frequency of floods in Al abama: U S. Geol ogical
Survey Wt er-Resources |Investigations 84-4191.

ALASKA

Lanke, R D., 1978, Flood characteristics of Al askan streans: U S. GCeol ogical
Survey Wt er-Resources |Investigations 78-129.

ARl ZONA

Eychaner, J.H , 1984, Estimation of magnitude and frequency of floods in Pinmm
County, Arizona, with comparisons of alternative nmethods: U S. GCeol ogical Survey
Wt er - Resour ces | nvestigations 84-4142.

ARKANSAS

Neely, B.L., Jr., 1986, Magnitude and frequency of floods in Arkansas: U S
Geol ogi cal Survey Water-Resources |nvestigations 86-4335.

CALI FORNI A

Waananen, A. O, and Crippen, J.R, 1977, Magnitude and frequency of floods in
California: U S. Geological Survey Water-Resources Investigations 77-21 (PB-272
510/ AS) .

COLCRADO

Hedman, E. R, More, D. O and Livingston, R K, 1972, Selected streanflow
characteristics as related to channel geonetry of perennial streans in Col orado:
U S. Geol ogical Survey Qpen-File Report.

Kircher, J.E., Choquette, A F., and Richter, B.D., 1985, Estinmation of natural
streanfl ow characteristics in Wstern Colorado: U S. Geological Survey Water-
Resour ces | nvestigations 85-4086.

Livingston, R K, 1980, Rainfall-runoff nodeling and prelimnary regional flood
characteristics of small rural watersheds in the Arkansas River Basin in
Col orado: U. S. Geol ogi cal Survey Wter-Resources |nvestigations 80-112 (NTIS).

Livingston, R K, and Mnges, D R, 1987, Techniques for estimating regional
flood characteristics of small rural watersheds in the plains regions of eastern
Col orado: U.S. Geol ogi cal Survey Water-Resources |nvestigations 87-4094.

Me Cai n, J.R, and Jarrett, R D., 1976, Manual for estimating flood

characteristics of natural flow streans in Col orado: Col orado Water Conservation
Board, Technical Mnual No. 1.
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CONNECTI CcUT

Weiss, L.A, 1975, Flood flow formula for urbanized and non-urbani zed areas of
Connecticut: Watershed Managenent Synposium of ASCE Irrigation and Drainage
Di vi sion, August 11-13, 1975, pp. 658-675.

DELAVWARE

Simons, R H, and Carpenter, D.H, 1978, Technique for estimating the nagnitude
and frequency of floods in Delaware: U S. GCeological Survey Water-Resources
I nvestigati ons Qpen-File Report 78-93.

DI STRI CT OF COLUMBI A

None |i sted

FLORI DA

Bridges, WC., 1982, Technique for estinmating the nmagnitude and frequency of
floods on natural-flow streans in Florida: U S. CGeol ogi cal Survey Wter-Resources
I nvestigati ons Qpen-File Report 82-4012.

Franklin, MA., 1984, Magnitude and frequency of floods from urban streams in
Leon County, Florida: US. Ceol ogical Survey Water-Resources |nvestigations
84- 4004.

Lopez, M A, and Wodham WM, 1982, Magnitude and frequency of floods on snall
urban watersheds in the Tanpa Bay area, west-central Florida: U'S. GCeol ogical
Survey WAt er-Resources |Investigations 82-42.

GECRA A

Inman, E.J., 1983, Flood-frequency relations for urban streans in netropolitan
Atlanta, Georgia: U S. Ceol ogical Survey WAter-Resources |Investigations

83-4203.

Price, M, 1979, Floods in Georgia, nmagnitude and frequency: U S. GCeol ogical
Survey WAt er-Resources Investigations 78-137 (PB-80 146 244).

HAWAI |

Mat suoka, 1., 1978, Flow characteristics of streans in Tutuila, American Sonpa:
U S. Geol ogical Survey Open-File Report 78-103.

Nakahara, R H., 1980, An analysis of the magnitude and frequency of floods on

Gahu, Hawaii: U S. Geol ogi cal Survey Wter-Resources |nvestigations 80-45
(PB-81 109 902).
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| DAHO

Har enberg, WA., 1980, Using channel geonetry to estimate flood flows at ungaged
sites in ldaho: U S. Ceol ogical Survey Water-Resources |nvestigations 80-32
(PB-81 153 736).

Kielstrom L.C., and Mffatt, R L., 1981, Mthod of estimating flood-frequency
paranmeters for streanms in Idaho: U S. Ceol ogical Survey Open-File Report 81-909.

Thomas, C. A, Harenburg, WA., and Anderson, J.M, 1973, Magnitude and frequency
of floods in small drainage basins in ldaho: U S. GCeological Survey Water-
Resources | nvestigations 7-73 (PB-222 409).

ILLINO S

Allen, HE, Jr., and Bejcek, R M, 1979, Effects of wurbanization on the
magni tude and frequency of floods in northeastern Illinois: U S. GCeological

Survey Wt er-Resources |Investigations 79-36 (PB-299 065/AS).

Curtis, GW, 1987, Technique for estimating flood-peak discharges and
frequencies on rural streans in Illinois: U 'S Geological Survey Water-Resources
I nvesti gati ons 87-4207.

| NDI ANA

Gatfelter, D.R, 1984, Technique for estinmating the magnitude and frequency of

floods in Indiana: U S. CGeol ogical Survey Water-Resources |Investigations 84-4134.

| OMA

Lara, O, 1978, Effects of urban devel opnent on the flood flow characteristics of

Wal nut Creek basin, Des Mines netropolitan area, lowa: U S. GCeol ogical Survey
Wat er - Resour ces | nvestigations 78-11 (PB-284 093/ AS).

KANSAS

Clenent, R W, 1987, Floods in Kansas and techniques for estimating their

magni tude and frequency: U.S. Geol ogical Survey Water-Resources |nvestigations
87-4008.

Hedman, E. R, Kastner, WM, and Hejl, HR, 1974, Selected streanflow
characteristics as related to active-channel geonetry of streams in Kansas:

Kansas Water Resources Board Technical Report No. 10.

Peek, C. O, and Jordan, P.R, 1978, Determ nation of peak discharge fromrainfall

relations for urbanized basins, Wchita, Kansas: U S. CGeol ogical Survey Open-File
Report 78-974.

KENTUCKY

Choquette, A F., 1987, Regionalization of peak discharges for streans in
Kentucky: U.S. Ceol ogi cal Survey Water-Resources |Investigations 87-4029.
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LOUI SI ANA

Lee, F.N., 1985, Floods in Louisiana, Mgnitude and Frequency, Fourth Edition:

Department of Transportation and Devel opnent, Witer Resources Technical Report

No. 36.

Lowe, A S, 1979, Magnitude and frequency of floods in snmall watersheds in
Loui si ana: Louisiana Department of Transportation and Developnent, Ofice of

H ghways, Research Study No. 65-2H.

MAI NE

Morrill, R A, 1975, A technique for estimating the magnitude and frequency of

floods in Maine: U S. Geol ogical Survey Open-File Report.

MARYLAND

Carpenter, D.H, 1980, Technique for estinmating magnitude and frequency of floods
in Maryland: U'S. GCeological Survey Water-Resources |Investigations Open-File
Report 80-1016.

MASSACHUSETTS

Wandle, S. W, 1983, Estimating peak discharges and frequencies of snall rural

streans in Massachusetts: U.S. Geol ogical Survey Water-Supply Paper 2214,

M CH GAN

Hol t schlag, D.J., and Croskey, H M, 1984, Statistical nodels for estimating flow
characteristics of Mchigan streanms: U'S. Geological Survey Water-Resources
I nvesti gati ons 84-4270.

M NNESCOTA

Jacques, J.E., and Lorenz, D.L., 1987, Techniques for estimating the nmagnitude
and frequency of floods in Mnnesota: U S. Geological Survey Witer-Resources
I nvesti gati ons 87-4170.

M SSI SSI PPI

Col son, B.E., and Hudson, J.W, 1976, Flood frequency of M ssissippi streans:
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Survey WAt er-Resources |Investigations 82-1.
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urban streanms in Wsconsin: U S Geological Survey Water-Resources |nvestigations
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Appendix 5
Manning's“n” Values
The value of “n” may be computed by

n=(Np+ Ny +ny+ nz+ny)ms

where: No = basic “n” value for a straight, uniform, smooth channel
ny = value added to correct for the effect of surface irregularities
n, = value added for variation in the shape and size of the channel
Cross section
N3 = value added for obstructions
Ny = value added for vegetation and flow conditions
Ms = correction factor for meandering of the channel

Proper values of ny to n, and ms may be selected from the following table according to the
given conditions:

Channel Conditions Values
Earth 0.020
Material Rock cut 0.025
involved Fine gravel No 0.024
Coarse gravel 0.028
Smooth 0.000
Degree of Minor 0.005
irregularity Moderate ny 0.010
Severe 0.020
Variations of Gradual 0.000
channel cross Alternating occasionally n, 0.005
section Alternating frequently 0.010-0.015
Negligible 0.000
Relative Minor 0.010-0.015
effect of Appreciable N3 0.020-0.030
obstructions Severe 0.040-0.060
Low 0.005-0.010
V egetation Medium 0.010-0.025
High Ny 0.025-0.050
Very High 0.050-0.100
Minor 1.000
Degree of Appreciable Mms 1.150
meandering Severe 1.300
REFERENCE

1. Chow, Ven Te, Ph.D.: “Open-Channel Hydraulics,” McGraw-Hill Book Company,
New York, 1959, pp. 106-114.

The computed “n” values should be compared with the typical “n” values from the following
pages, or with those in the U.S. Geological Survey Report (Reference 2) or the Federal
Highway Administration Report (Reference 3).
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Appendix 5 - continued
Manning's“n” Values

Type of channel and description Minimum Normal Maximum
A. Closed Conduits Flowing Partly Full
A-1. Metal
a. Brass, smooth 0.009 0.010 0.013
b. Sted
1. Lockbar and welded 0.010 0.012 0.014
2. Riveted and spiral 0.013 0.016 0.017
c. Castiron
1. Coated 0.010 0.013 0.014
2. Uncoated 0.011 0.014 0.016
d. Wrought iron
1. Black 0.012 0.014 0.015
2. Galvanized 0.013 0.016 0.017
e. Corrugated metal
1. Subdrain 0.017 0.019 0.021
2. Stormdrain 0.021 0.024 0.030
A-2. Nonmetal
a. Lucite 0.008 0.009 0.010
b. Glass 0.009 0.010 0.013
c. Cement
1. Neat, surface 0.010 0.011 0.013
2. Mortar 0.011 0.013 0.015
d. Concrete
1. Culvert, straight and free of 0.010 0.011 0.013
debris
2. Culvert with bends, connections, 0.011 0.013 0.014
and some debris
3. Finished 0.011 0.012 0.014
4. Sewer with manholes, inlet, etc., 0.013 0.015 0.017
straight
5. Unfinished, steel form 0.012 0.013 0.014
6. Unfinished, smooth wood form 0.012 0.014 0.016
7. Unfinished, rough wood form 0.015 0.017 0.020
e. Wood
1. Stave 0.010 0.012 0.014
2. Laminated, treated 0.015 0.017 0.020
f. Clay
1. Common drainagetile 0.011 0.013 0.017
2. Vitrified sewer 0.011 0.014 0.017
3. Vitrified sewer with manholes, 0.013 0.015 0.017
inlet, etc.
4. Vitrified subdrain with open joint 0.014 0.016 0.018
g. Brickwork
1. Glazed 0.011 0.013 0.015
2. Lined with cement mortar 0.012 0.015 0.017
h. Sanitary sewers coated with sewage 0.012 0.013 0.016
slimes, with bends and connections
i. Paved invert, sewer, smooth bottom 0.016 0.019 0.020
j. Rubble masonry, cemented 0.018 0.025 0.030
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Appendix 5 - continued
Manning's“n” Values

Type of channel and description Minimum Normal Maximum
B. Lined or Built-up Channels
B-1. Metal
a. Smooth steel surface
1. Unpainted 0.011 0.012 0.014
2. Painted 0.012 0.013 0.017
b. Corrugated 0.021 0.025 0.030
B-2. Nonmetal
a. Cement
1. Neat, surface 0.010 0.011 0.013
2. Mortar 0.011 0.013 0.015
b. Wood
1. Planed, untreated 0.010 0.012 0.014
2. Planed, creosoted 0.011 0.012 0.015
3. Unplaned 0.011 0.013 0.015
4. Plank with battens 0.012 0.015 0.018
5. Lined with roofing paper 0.010 0.014 0.017
c. Concrete
1. Trowel finish 0.011 0.013 0.015
2. Float finish 0.013 0.015 0.016
3. Finished, with gravel on bottom 0.015 0.017 0.020
4. Unfinished 0.014 0.017 0.020
5. Gunite, good section 0.016 0.019 0.023
6. Gunite, wavy section 0.018 0.022 0.025
7. On good excavated rock 0.017 0.020
8. Onirregular excavated rock 0.022 0.027
d. Concrete bottom float finished with
sides of
1. Dressed stone in mortar 0.015 0.017 0.020
2. Random stone in mortar 0.017 0.020 0.024
3. Cement rubble masonry, plastered 0.016 0.020 0.024
4. Cement rubble masonry 0.020 0.025 0.030
5. Dry rubble or riprap 0.020 0.030 0.035
e. Gravel bottom with sides of
1. Formed concrete 0.017 0.020 0.025
2. Random stone in mortar 0.020 0.023 0.026
3. Dry rubble or riprap 0.023 0.033 0.036
f. Brick
1. Glazed 0.011 0.013 0.015
2. In cement mortar 0.012 0.015 0.018
g. Masonry
1. Cemented rubble 0.017 0.025 0.030
2. Dry rubble 0.023 0.032 0.035
h. Dressed ashlar 0.013 0.015 0.017
i. Asphalt
1. Smooth 0.013 0.013
2. Rough 0.016 0.016
j. Vegetal lining 0030 |  ..... 0.500
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Manning's“n” Values

Type of channel and description Minimum Normal Maximum

C. Excavated or Dredged
a. Earth, straight and uniform

1. Clean, recently completed 0.016 0.018 0.020

2. Clean, after weathering 0.018 0.022 0.025

3. Gravel, uniform section, clean 0.022 0.025 0.030

4. With short grass, few weeds 0.022 0.027 0.033
b. Earth, winding and sluggish

1. No vegetation 0.023 0.025 0.030

2. Grass, some weeds 0.025 0.030 0.033

3. Dense weeds or aguatic plantsin 0.030 0.035 0.040

deep channels

4. Earth bottom and rubble sides 0.028 0.030 0.035

5. Stony bottom and weedy banks 0.025 0.035 0.040

6. Cobble bottom and clean sides 0.030 0.040 0.050
c. Dragline-excavated or dredged

1. No vegetation 0.025 0.028 0.033

2. Light brush on banks 0.035 0.050 0.060
d. Rock cuts

1. Smooth and uniform 0.025 0.035 0.040

2. Jagged and irregular 0.035 0.040 0.050
e. Channels not maintained, weeds and

brush uncut

1. Dense weeds, high as flow depth 0.050 0.080 0.120

2. Clean bottom, brush on sides 0.040 0.050 0.080

3. Same, highest stage of flow 0.045 0.070 0.110

4. Dense brush, high stage 0.080 0.100 0.140

D. Natural Streams
D-1. Minor streams (top width at flood stage

<100 ft)
a. Streamson plain
1. Clean, straight, full stage, no rifts 0.025 0.030 0.033
or deep pods
2. Same as above, but more stones 0.030 0.035 0.040
and weeds
3. Clean, winding, some pools and 0.033 0.040 0.045
shoals
4. Same as above, but some weeds 0.035 0.045 0.050
and stones
5. Same as above, lower stages, 0.040 0.048 0.055
more ineffective slopes and
sections
6. Same as 4, but more stones 0.045 0.050 0.060
7. Sluggish reaches, weedy, deep 0.050 0.070 0.080
pools
8. Very weedy reaches, deep pools, 0.075 0.100 0.150

or floodways with heavy stand of
timber and underbrush
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Manning's“n” Values

Type of channel and description Minimum Normal Maximum

b. Mountain streams, no vegetation in
channel, banks usually steep, trees
and brush along banks submerged at

high stages

1. Bottom: gravels, cobbles, and 0.030 0.040 0.050
few boulders

2. Bottom: cobbleswith large 0.040 0.050 0.070
boulders

D-2. Floodplains
a. Pasture, no brush

1. Short grass 0.025 0.030 0.035
2. High grass 0.030 0.035 0.050
b. Cultivated areas
1. Nocrop 0.020 0.030 0.040
2. Mature row crops 0.025 0.035 0.045
3. Maturefield crops 0.030 0.040 0.050
c. Brush
1. Scattered brush, heavy weeds 0.035 0.050 0.070
2. Light brush and trees, in winter 0.035 0.050 0.060
3. Light brush and trees, in summer 0.040 0.060 0.080
4. Medium to dense brush, in winter 0.045 0.070 0.110
5. Medium to dense brush, in 0.070 0.100 0.160
summer
d. Trees
1. Dense willows, summer, straight 0.110 0.150 0.200
2. Cleared land with tree stumps, no 0.030 0.040 0.050
sprouts
3. Same as above, but with heavy 0.050 0.060 0.080
growth of sprouts
4. Heavy stand of timber, afew 0.080 0.100 0.120

down trees, little undergrowth,
flood stage below branches
5. Same as above, but with flood 0.100 0.120 0.160
stage below branches
D-3. M@jor streams (top width at flood stage
>100 ft). The nvalueislessthan that
for minor streams of similar description,
because banks offer less effective

resistance.

a. Regular section with no boulders or 0.025 | ... 0.060
brush

b. Irregular and rough section 003 | ... 0.100

REFERENCES

1. Chow, Ven Te, Ph.D.: “Open-Channel Hydraulics,” McGraw-Hill Book Company, New Y ork, 1959, pp.
106-114.

2. Geological Survey, Roughness Characteristics of Natural Channels, Water-Supply Paper 1849,
Washington, D.C., 1967.

3. Department of Transportation, Federal Highway Administration, Guide for Selecting Manning’'s
Roughness Coefficients for Natural Channels and Floodplains, Report No. FHWA-TS-84-204, McLean,
Virginia, April 1984.
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QUI CK-2 User's Qi de | nt roducti on

Chapter 1: Introduction

QUCK-2 is a user friendly program that assists in the conputation of flood
Water Surface Elevations (WBES) in open channels of all types. It is nuch
easier to use than the United States Arny Corps of Engineers (USACE) HEGC 2
program However, a QU CK-2 step-backwater file can also be used, as is,
with the HEG-2 program which is also included in the QU CK-2 package of
prograns. Therefore a HEG- 2 output file can be generated with a QUJ CK-2 i nput
data file, wthout ever leaving the QU CK-2 environnent; and, w thout having
to know how to set-up and run the HEG 2 program This version of QU CK-2
(Version 1.0) however, does not perform hydraulic calculations through
bridges or cul verts.

QUCK-2 was primarily developed to acconpany the FEMA technical guidance
manual titled, "MANAG NG FLOCDPLAI N DEVELOPMENT IN ZONE A AREAS - A QU DE FOR
CBTAI NI NG AND DEVELOPI NG BASE FLOOD ELEVATIONS." That manual is intended to
assist local community officials who are responsible for admnistering and
enforcing the floodplain nmanagenent requirenments of the National Fl ood
| nsurance Program (NFIP). The purpose of that manual is to provide guidance
for obtaining and devel oping base flood (100-year) elevations (BFEs) where
Speci al Flood Hazard Areas (SFHAs) on a community's Flood Hazard Boundary Map
(FHBM or Flood Insurance Rate Map (FIRM) have been identified and desi gnated
as Zone A

QUCK-2 will also be useful to community engi neers, architect/engineer firns,
devel opers, builders and others at the local level who may be required to
devel op BFEs for use in Special Flood Hazard Areas.

This manual includes four other chapters: Overview, GCetting Started,
Tutorials and Formulas. The Formulas section describes the "conplex”
equations and nethodologies used in the developnent of the program An
Appendix is also included that contains a list of Definitions of the
vari abl es shown on the screen and on the printouts.

To get started as quickly as possible in using QU CK-2 we
recommend that the wuser read the Overview and CGetting
Started chapters; and then work through the Tutorials.

M NI MUM SYSTEM REQUI REMENTS

Random Access Menory (RAM - 512K

Hard di sk storage - 800K

Moni t or - Col or or Monotone
Printer (prints to LPT1) - Dot-matrix to LaserJet
D sk Operating System (DOS) - Version 3.0 or higher
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QU CK-2 User's Cuide Overvi ew

Chapter 2: Overview

O FOUR OPTI ONS

This user friendly program conputes:

* Oitical Depth,

* (Ooss Section Capacity (Rating Curves),
* Nornmal Depth, and

e Step-Backwater Analysis (simlar to the USACE HEC- 2 program

CRITICAL DEPTH. This option should be used to determne a Base Flood
El evation (BFE) if a previous calculation using the Normal Depth option
conmputed a depth that was determined to be SUPERCRI TICAL. Super Citical
depths are generally not accepted for use as BFEs.

CHANNEL CAPACI TY: This option is used to determne a rating curve for a cross
section. The program conputes a discharge based on the entered depth.
Repeating with other depths produces a rating curve. A BFE may be determ ned
by interpolation wth the correct discharge.

NORVAL DEPTH. This is the usual option to use in determning BFEs. The user
should watch the "Flow Type" nessage to nmake sure that the calculation is
CRITICAL or SUBCRITICAL. Use Option 1 if SUPERCRI TI CAL.

STEP- BACKWATER: This option should be used to calculate BFEs if nore than one
cross-section is warranted to cover the extent of the property. CGenerally if
the property parallels nore than 500 feet of a flooding source this option
shoul d be used.

C") HANDLES " REGULAR' AND "I RREGULAR' SHAPED CRGOSS SECTI ONS
The REGULAR shape cross-sections include:

* V-shape,

Tr apezoi dal ,
* Rectangul ar, and

e Crcular
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For | RREGULAR cross-sections:

up to 40 points can be input to describe the ground points

G ound points are easily nodified using the Insert or Del ete Keys

Encroachnments or other changes in the floodplain are easily nodel ed
- An unlimted nunber of cross sections nay be nodel ed

In addition, ground points and other input variables for the irregular shape
cross-sections can be saved to a file, for later use.

O SI NGLE SCREEN DATA | NPUT, COVPUTATI ON AND QUTPUT

One of the nost user-friendly aspects of this programthat sets it apart from
many other conputational prograns is that all of the data input, the
conputation, and the printing or plotting, is perforned fromthe same screen.
You wll not get lost in a maze of nenus.

O GRAPHI CS

* Cross-Section Plots,
e Water Surface Elevation Profiles, and

* Rating Curve Plots

Cross section plots and water surface elevation profiles from QU CK-2's step-
backwat er anal ysis can be viewed on the screen using the USACE PLOT-2 program
that cones with the QU CK-2 package of prograns. The channel capacity option
of QUCK-2 can be used to generate rating curve plots of individual cross
sections that can be viewed on screen and printed.

O AUTOVATI C ERROR CHECKI NG

This software is designed to virtually elimnate the need for user's manuals.
The program incorporates error-checking routines and warning nessages to
alert the user to incorrect input data or potentially incorrect output data.
The program pronpts the user for the required input data so that there is no
need to worry about which colums to put data in; whether or not it needs to
be left-justified, or right- justified, etc.
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SPECI AL FEATURES OF QU CK- 2

»» Critical Depth, Channel Capacity, and Normal Depth Options ««

EASY VIEW Al of the input data is viewed on the sane screen (and changes
can be made) before starting the conputations

EASY CHANGE: After an initial calculation, the following paranmeters can be
changed, and the above options can be re-cal culated i n seconds:

D schar ge Channel Sl ope Manni ng's N
Base width or D aneter Channel Side Slope Gound Points
Channel Stations

AUTO SAVE: For irregular channels the program automatically stores all the
input variables to a file designated as "TEMP. XSC', which is stored in the
C.\ QUI CK2\ DATA Directory.

RATI NG CURVES: A special feature of the Channel Capacity Qotion for irregul ar
channels is the Rating CQurve Print Option. A rating curve plot can be
automatically generated with 20 conmputations of water surface elevation
versus discharge. The maxinum elevation of the rating curve will be just
| ower than the channel depth specified by the user. The rating curve can be
viewed on the screen and/or printed.

»» St ep-Backwater Option ««

EASY VIEW Al of the input data is viewed on the sane screen (and changes
can be nmade) before starting the conputations

PRECI SE: Bal ances the energy equation to within .01 foot.

COVWPUTES CRI TI CAL DEPTH AUTQOVATI CALLY: After up to 40 energy balance trials
(wi thout a bal ance) the programautonatically conputes critical depth.

QUTPUT OPTIONS: Detailed and Summary printouts are avail abl e

AUTO SAVE: The program automatically saves the first cross-section into a
file designated as TO. XSC, and subsequent cross-sections are saved adding the

Channel distance (XLCH) to the previous cross-section's file nane.
Therefore, if we run 3 cross-sections that are 200 feet apart their
filenames wll be: TO0.XSC, T200.XSC, and T400.XSC. These files are

automatically stored in a directory named C \ QU CK2\ DATA

HEGC-2 RUNS WTH QU CK-2 FILES. The backwater option also automatically saves
all of the cross-sections into a HEG-2 conpatible file called HEC. DAT, which
is stored in the C\QUCK2 Directory. The QU CK-2 programis linked with the
USACE HEC-2 program such that any backwater conputation that is run using
QICK-2 can also be run wusing the HEG2 program within the QU CK-2
environment. The user does not need to have any previous experience in
runni ng the HEC 2 nodel .
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AUTOVATI C ERROR CHECKS AND WARNI NG MESSAGES

ERROR CHECKS

Error checks prevent the user from continuing by re-pronpting the user for
correct input data. The followi ng are error checks performed automatically by
t he program

- Gound Point (&R stations should be increasing

- Stations of the left and right bank should match a GR point

WARNI NG MESSAGES

War ni ng nessages instruct the user that the program has had to nodify the
input data in order to conplete a calculation, or that the conpleted
cal culation may not be valid. The follow ng are warni ng nmessages perforned by
t he program

Ext ended Oross Section

The conputed water surface elevation is higher than one or both ends of the
cross-section, and the program automatically extended the end(s) of the
cross-section vertically to conplete the conputation.

D vi ded Fl ow

There is a ground point(s) within the cross-section which is higher than the
conputed water surface elevation which is dividing the flowwthin the cross-
section.

No Enerqgy Balance ... Conputing Citical Depth

The program attenpted up to 40 trial conputations and could not arrive at an
energy balance; and therefore, critical depth is assumed to occur at this
Cross-section.

Conputing Critical Depth ... Citical Depth Assuned

Either the initial Starting Water Surface Elevation or an energy bal ance
between two cross sections occurred at an elevation for which the froude
nunber or the index froude nunber was equal to or greater than 1. Thus, the
conmputed water surface elevation is suspected of being below the critical
depth. Therefore the critical depth is conputed and conpared to the previous
cal cul ated water surface elevation. In this case the critical depth el evation
was higher, and thus Critical Depth is Assuned.

Conputing Critical Depth ... CGitical Depth Not Assuned

Sane as above except, the critical depth is conputed and conpared to the
previous calculated water surface elevation; and, in this case the critical
depth el evation was |lower, and thus Critical Depth is Not Assuned.
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Chapter 3. CGetting Started

Thi s section provides you wth
conveni ent installation and run
procedures that will enabl e you
torun the program from the hard
di sk drive or the floppy disk drive.

HARD DI SK | NSTALLATI ON AND RUN PROCEDURE

To install and run QU CK-2 sinply place the floppy disk in either your "A"
di sk drive or your "B" disk drive.

For "A" Drive users: Type A\ AQR and Press <Enter>

For "B" Drive users: Type B:\ BQ2 and Press <Enter>

Fol | ow t he screen nessage to start the program That's it!

The program resides in a C\QJUCK2 directory. To run the program in the

future, just change to that directory and type @ and press <Enter>.
FLOPPY DI SK | NSTALLATI ON AND RUN PROCEDURE

To install and run QU CK-2 fromthe floppy disk drive sinply place the floppy
disk in either your "A" disk drive or your "B" disk drive.

For "A" Drive users: Type A\FAQR and Press <Enter>
For "B" Drive users: Type B: \ FBQ and Press <Enter>

Fol |l ow t he screen nessage to start the program That's it!

To run the programin the future, just place the disk in your floppy drive,
change to that directory and type @ and press <Enter>. Al though the
program will run from the floppy disk drive it wll run nmuch faster if
installed and run on the hard disk drive.

REM NDER:

Entering and editing data, as well as noving around within the input screens
is performed using the Function keys, the Backspace Key and the Enter Key. DO
NOT USE THE CURSOR CONTRCL KEYS (ARRON KEYS) FOR ENTERING DELETING OR
EDI TI NG DATA.



Chapter 4. TUTORI ALS

Nor mal Depth
St ep- Backwat er
Channel Capacity

PLOT - 2

{TI ME REQUI RED TO COVPLETE ALL THE TUTORI ALS |'S ABOUT ONE HOUR}
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NORVAL DEPTH {Tutorial Tinme: 5 to 10 mi nutes}

After pressing Q2 and <Enter> to start the programyou will cone to
Main Menu screen of QU CK-2 as shown bel ow.

QICK - 2 | |
MAI N MENU ]
Press |
L | |
Critical Depth 1 ]
Channel Capacity 2 ]
Nor mal Dept h 3 ]
St ep- Backwat er 4 ]
i

II-
QT <F10> |

1|
[ ]

1
|<F1> - Help |
T T
L]

1. Press 3 and then press <Enter> to start the Normal Depth Option.

Next you will see the Shape of Cross Section screen:

SHAPE OF CRCSS SECTI ON [ ]
Press |l
N I

V - Ditch \Y [ ]
Rect angul ar Channel R [ ]
Tr apezoi dal Channel T [ ]
G rcul ar Channel Cc [ ]
[ |
I rregul ar Channel | [ ]
[ |

1
|<F7> - Main Menu |
|

| ]
]

Let's try the Trapezoi dal Channel option.

t he

2. Press T and then press <Enter> to performa Normal Depth cal cul ation

for a trapezoidal channel.
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The next screen you wll see is the Input / Qutput screen:

NORMAL  DEPTH [ ]

TRAPEZO DAL CHANNEL [ ]

[ |

I NPUT VARI ABLES [ ]

[ |

L Side Slope (H V) 11 R Side Slope (HV) 1 |l
Bottom Wdth (ft) Manni ng's n [ ]
Di scharge (cfs) Depth (ft) [ ]
Slope (ft/ft) [ ]
[ |

CQUTPUT VARl ABLES [ ]

[ |

Area (sq ft) Vet Perineter (ft) [ ]
Vel ocity (ft/s) Hyd Radi us [ ]
Top Wdth (ft) Froude # [ ]
Fl ow Type [ ]

[

Enter Left Side Slope and Press <Enter> 1]l
[ |

<- Back Tab <F2> Main Menu <F7> |l
[ ]

The program is currently pronpting you to enter the Left Side Slope (in
terms of the Nunber of Horizontal feet (H) to every 1 foot Vertical (H
1). Let's say our |left side slopeis 3 to 1 (3:1).

3. Enter 3 and then Press <Enter>.

The next screen you will see is the Input / Qutput screen with a new
pronpt :

I NCRMAL  DEPTH I Noti ce that the
I TRAPEZOl DAL CHANNEL I 3 has been entered
I I to the right of
I I NPUT VAR ABLES 1] "L Side Slope (HV"
I |
L Side Slope (HV) 3.0:1 R Side Slope (H V) |
Bottom Wdth (ft) Manni ng's n [ ]
Di scharge (cfs) Depth (ft) [ ]
Slope (ft/ft) [ ]
||
QUTPUT VARl ABLES [ ]
||
Area (sq ft) Vet Perineter (ft) [ ]
Vel ocity (ft/s) Hyd Radi us [ ]
Top Wdth (ft) Froude # [ ]
Fl ow Type [ ]
I
Enter Right Side Slope and Press <Enter> 1)
||
<- Back Tab <F2> Main Menu <F7> |l
[ |

The program is currently pronpting you to enter the Right Side Slope (in
terms of the Nunber of Horizontal feet (H) to every 1 foot Vertical (H
1). Let's say our right side slopeis 2to 1 (2:1).

4. Enter 2 and then Press <Enter>.
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NORMAL  DEPTH [ ]
TRAPEZO DAL CHANNEL [ ]
I NPUT VARI ABLES =
I
L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l
Bottom Wdth (ft) Manni ng's n [ ]
Di scharge (cfs) Depth (ft) [ ]
Slope (ft/ft) [ |
QUTPUT VARl ABLES =
Area (sq ft) Wet Perinmeter (ft) =
Vel ocity (ft/s) Hyd Radi us [ ]
Top Wdth (ft) Froude # [ ]
Fl ow Type [ ]
I
Enter ".............. and Press <Enter> [ ]
<- Back Tab <F2> Main Menu  <F7> =
[ |
|

The programw || continue to pronpt you for input data.

Let's say our channe
the discharge is 300 cfs,

is 10 feet w de,

W
and t he channel

th a Manning's n val ue of 0.035,

slope is .005 ft/ft.

SCREEN PROVWPT - "Enter Bottom Wdth and Press <Enter>"
5. Enter 10 and then Press <Enter>.
SCREEN PROWPT - "Enter Manning's n and Press <Enter>"
6. Enter .035 and then Press <Enter>.
SCREEN PROWPT - "Enter Discharge and Press <Enter>"
7. Enter 300 and then Press <Enter>.
SCREEN PROWPT - "Enter Slope and Press <Enter>"
8. Enter .005 and then Press <Enter>.
ii NORVAL  DEPTH ii- After all the data
I TRAPEZOl DAL CHANNEL I IS input your screen
I I should ook like this
H | NPUT VARI ABLES H=
| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |1l
| BottomWdth (ft) 10.0 Manning's n 0.0350 |
| Di scharge (cfs) 300 Depth (ft) 0.00 [N
Slope (ft/ft) 0. 0050 [ ]
QUTPUT VARI ABLES =
Area (sq ft) Wet Perinmeter (ft) =
Vel ocity (ft/s) Hyd Radi us [ ]
Top Wdth (ft) Froude # [ ]
Fl ow Type [ ]
[
Begi n Cal cul ations <Enter> [ ]
<- Back Tab <F2> Main Menu  <F7> =
[

;‘
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To begin the calculation sinply ...

9. Press <Enter>.

After a split second the screen should | ook |ike this:

NORMVAL  DEPTH [ ]

TRAPEZO DAL CHANNEL [ ]

[ |

I NPUT VARI ABLES [ ]

]

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l
| Bottom Wdth (ft) 10.0 Manning's n 0.0350 |
| Di scharge (cfs) 300 Depth (ft) 3.27 |
Slope (ft/ft) 0. 0050 [ ]
[ |

QUTPUT VARI ABLES [ ]

]

| Area (sq ft) 59.6 Wt Perineter (ft) 27.7 |
| Velocity (ft/s) 5.0 Hyd Radius 2.2 |
| Top Wdth (ft) 26.4  Froude # 0.6 |
Fl ow Type SUBCRI Tl CAL |

[ |

Begi n Cal cul ations <Enter> [ ]
Print <F5> [ ]
<- Back Tab <F2> Mai n Menu <F7> [ ]
[ |

Notice that the Depth is no |longer 0.00, but equals 3.27 feet, which is the
Normal Depth for this particular Trapezoidal cross-section. If 300 cfs
represents the 100-year discharge, then the 100-year flood depth would
equal 3.27 feet. Al of the output variables have also been conputed and
listed.

10. To print the output sinply Press the <F5> Function key.

The printed output is shown bel ow

QUICK - 2
NORVAL DEPTH
Tr apezoi dal Channe

| NPUT VARI ABLES QUTPUT VARI ABLES

A \ / Depth (ft) 3.27

| 1] \ n = 0.035 / | 1 Di scharge (cfs) 300.0
Dept h |\ I Vel ocity (ft/s) 5. 04

| 3.0 \ / 2.0 Top Wdth (ft) 26. 4
VvV \ / Froude No. 0. 59
Base Wdth = 10.0 Fl ow Type: SUBCRI Tl CAL

Sl ope = 0. 0050
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CHANG NG THE VARI ABLES

NORMVAL  DEPTH
TRAPEZO DAL CHANNEL

I NPUT VARI ABLES

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1
| BottomWdth (ft) 10.0 Manning's n 0. 0350
| Di scharge (cfs) 300 Depth (ft) 3.27
Slope (ft/ft) 0. 0050

QUTPUT VARI ABLES

| Area (sq ft) 59.6 Wt Perineter (ft) 27.7

| Velocity (ft/s) 5.0 Hyd Radius 2.2

| Top Wdth (ft) 26.4  Froude # 0.6
Fl ow Type SUBCRI Tl CAL

Begi n Cal cul ati ons <Enter>
Print <F5>
<- Back Tab <F2> Mai n Menu <F7>

Let's say we want to run this calculation again but with a di scharge of 500
cfs instead of 300 cfs.

1. Press the Function Key <F2>

NORMAL  DEPTH [ ]

TRAPEZO DAL CHANNEL [ ]

[ |

I NPUT VARI ABLES [ ]

]

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l

| BottomWdth (ft) 10.0 Manning's n 0.0350 |

| Di scharge (cfs) 300 Depth (ft) 3.27 |

Slope (ft/ft) 0. 0050 [ ]

[ |

QUTPUT VARI ABLES [ ]

]

| Area (sq ft) 59.6 Wt Perineter (ft) 27.7 |

| Velocity (ft/s) 5.0 Hyd Radius 2.2 |

| Top Wdth (ft) 26.4  Froude # 0.6 |

I Flow Type SUBCRITICAL |l
I I
r 1

| Enter Slope and Press <Enter> [ |

| |

| <- Back Tab <F2> Main Menu <F7> |l

L II-

The above screen is what you should be |ooking at. The <F2> key w Il nove
the pronpt backwards through all the variables. Note that since we want to
change the Discharge (from 300 to 500), we will need to Press <F2> again to
cone to the Enter Discharge pronpt. Follow the steps as shown on the
following page to rerun this calculation with a new di scharge.
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SCREEN PROWPT - "Enter Slope and Press <Enter>"

2. Press <F2>.

SCREEN PROWPT - "Enter Discharge and Press <Enter>"

3. Enter 500 and t hen Press <Enter>.

SCREEN PROWPT - "Enter Slope and Press <Enter>"

4. Press <Enter>.

After all of the data is input your screen should |ook like this:

NORMAL  DEPTH [ |

TRAPEZO DAL CHANNEL [ ]

[ |

| NPUT VARI ABLES [ ]

|

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l

| BottomWdth (ft) 10.0 Manning's n 0.0350 |

| Di scharge (cfs) 500 Depth (ft) 3.27 |

Slope (ft/ft) 0. 0050 [ ]

[ |

QUTPUT VARl ABLES [ ]

|

| Area (sq ft) 59.6 Wt Perineter (ft) 27.7 |

| Velocity (ft/s) 5.0 Hyd Radi us 2.2 |

| Top Wdth (ft) 26.4 Froude # 0.6 |

I Fl ow Type SUBCRI Tl CAL |
I I
] Il

| Begin Cal cul ations <Enter> |

[ | |

| <- Back Tab <F2> Main Menu <F7> |l

L II-
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5. Press <Enter> to begin the calculation.

After a split second the screen should | ook |ike this:

NORVAL  DEPTH [ ]

TRAPEZO DAL CHANNEL [ ]

||

I NPUT VAR ABLES [ ]

I

| L Side Slope (HV) 3.0:1 R Side Slope (HV) 2.0:1 |l
| BottomWdth (ft) 10.0 Manning's n 0.0350 |
| Discharge (cfs) 500 Depth (ft) 4.22 |H
Slope (ft/ft) 0. 0050 [ ]
-

QUTPUT VARI ABLES [ ]

I

| Area (sq ft) 86.7 Wt Perineter (ft) 32.8 |
| Velocity (ft/s) 5.8 Hyd Radius 2.6 |H
| Top Wdth (ft) 31.1 Froude # 0.6 |IH
Fl ow Type SUBCRI Tl CAL [l

Begi n Cal cul ations <Enter> I

Print <F5> |

<- Back Tab <F2> Mai n Menu <F7> ]
'l

Let's return to the Main Menu... Just Press the <F7> Function Key
QUK - 2 1 -
MAI N MVENU ]
Press |l
e u
Critical Depth 1 [ ]
Channel Capacity 2 [ ]
Nor mal Dept h 3 [ ]
St ep- Backwat er 4 [ ]
[ |
1
QT <F10> |
II-

1
|<F1> - Help |
T T
L]

» |f you want to continue and to performthe Step-Backwater
Tutorial, then turn to the next page. > > rr

» |f you want to exit out of the programfor now, Press <F10>. <
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STEP- BACKWATER {Tutorial Time: 20 to 25 m nutes}

Let's say that we have a piece of property located in an unnunbered Zone A,
and we need to determine if our property is really in or out of the
floodplain. W wll be referring to Figure 1 on the next page which
represents a plan view of our proposed floodplain study (step-backwater
analysis). W have field surveyed 3 cross-sections to use in the step-
backwat er analysis. The next page lists all of the data from the field
surveyed cross-sections.

| f you have continued from the previous Normal Depth Tutorial you should
see the screen below. If you are just starting the program you wll see

the screen bel ow after pressing 2 and <Enter>.

QICK - 2
MAI N MENU

Critical Depth 1
Channel Capacity 2
Nor mal Dept h 3
St ep- Backwat er 4

QT <F10>

1
|<F1> - Help |
I—I-

[
1. Press 4 and then press <Enter> to start the Step-Backwater Option.

Next you will see the Starting Water Surface El evation Method screen:

Starting Water Surface El evation Method [ ]
[ |
I nput [ ]

----------------- |
[ |
NORMAL DEPTH ( Sl ope- Ar ea) [ ]
Enter the Slope in Ft/Ft (for ex. .0025) |
[ |
xR [ |
[ |
KNOWN WATER SURFACE ELEVATI ON [ ]
Enter the known WS El evation (for ex. 656.78) |
-

Enter a Sl ope or an El evation:

Let's say that we do not have any previous information about flood
el evations for our sanple stream Thus we need to start the step-backwater
analysis assumng that the flow in our first cross-section is at Nornal
Depth. (This assunmes that the channel slope downstream of our first cross-
section will approximate the slope of the energy grade at the first cross-
section of our study.) Let's assune that our cal cul ated downstream channe
slope is .0029 ft/ft.

2. Type .0029 and then press <Enter>.
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CROSS SECTI ON | NFORMATI ON

Cross-Section 1 Cross-Section 2 Cross-Section 3

GROUND PO NTS

Station El evati on Stati on El evati on Station El evati on
362 505.0 0 510.0 0 515.0
425 499. 1 150 504. 8 433 510.1
509 498.0 233 502. 2 600 506. 3
512 496. 9 236 500. 9 614 504. 9
602 496. 9 331 500. 9 701 504. 8
605 498. 2 334 501. 8 725 506. 5
732 500. 1 402 505.5 866 511.1

1020 504. 7 591 510.1 1240 514. 6

CHANNEL BANK STATI ONS

Left 509 Ri ght 605 Left 233 Ri ght 334 Left 600 Ri ght 725

MANNI NG S N VALUES

Left .065 Left .055 Left . 065
Channel . 040 Channel . 040 Channel . 040
Ri ght . 060 Ri ght . 060 Ri ght . 060

CHANNEL REACH LENGTHS

Left --- Left 450 Left 490
Channel --- Channel 450 Channel 490
Ri ght --- Ri ght 450 Ri ght 490

LOSS CCEFFI C ENTS

Cont --- Expan --- Cont 0.1 Expan 0.3 Cont 0.1 Expan 0.3

100- YEAR DI SCHARGE

3000 3000 3000

FI GURE 1

BOUNDARY
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The next screen you wll see is the Input / Qutput screen as shown:

XSEC | D 0 >> STEP - BACKWATER << GROUND PA NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV
CHANNEL BANK STATI ONS: Left R ght
MANNING S N VALUES: Left Channel Ri ght
CHANNEL REACH LENGTHS: Left Channel Ri ght
LCSS COEFFI C ENTS: Contractn Expansn :Dschrg
WS ELEV Dept h Top Wd Kratio
EG ELEV Fl ow Regi e ChanVel Fr oud#
| |F2} <-Back Tab F5}List Files F6}Retrieve File F7}Main Menu F10}Ed/Ex G Pt| |
| F3}Insert G Pt F4}Delete G Pt F1 }HELP I
L ]

Before we go on let's read about how data is to be input for this screen.
3. Press <F1> to access the Help screen.

4. When you are finished reading the Help screen just Press <Enter>.

If you refer to the previous page, you will see a tabulation of the G ound
Points for the first field surveyed cross-section listed by Station and
El evation. You will also see the Channel Bank Stations, Manning' s N val ues,
and Di schar ge.

5. Following the method explained in the Help Screen, enter the G ound
Points one at a tine, by their respective Station and El evation. Be sure to
Press <Enter> after you have typed in each correct nunber.

Once you have entered all of the Gound Points correctly ...

6. Press <F10> to Exit fromentering Gound Point data

NOTE: The <F10> Key will EXIT you fromthe top of the screen, or it wll
RETURN you to the top of the screen if you need to go back to EDT the
G ound Poi nts.
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Your screen should now | ook |ike this:

XSEC | D 0
STAT ELEV

|362 505.0
602 496. 9

STAT

425
605

>> STEP -
ELEV

499.1
498. 2

BACKWATER <<
STAT

509
732

ELEV
498.0
500.1

GROUND PO NTS
STAT ELEV

512 496. 9
1020 504.7

CHANNEL BANK STATI ONS: Left R ght
MANNING S N VALUES: Left Channel Ri ght
CHANNEL REACH LENGTHS: Left Channel Ri ght
LCSS CCEFFI C ENTS: Contractn Expansn :Dschrg
WS ELEV Dept h Top Wd Kratio
EG ELEV Fl ow Regi me ChanVel Fr oud#

|| F2}<- Back Tab F5} PRI NT F6} SAVE F7}Main Menu F8} New XSEC F10}Ed/Ex G Pt | |
| Enter LEFT Channel Bank Station and Press <Enter> I
]

The program is currently pronpting you to enter the Left Channel Bank

Station. Using the information contained on the previous page, we know that
our Left Channel Bank Station is 509. Therefore ..
/. Enter 509 and then Press <Enter>, (Notice that the 509 has been

entered to the right of "CHANNEL BANK STATI ONS: Left".)

Next you will see the Input / Qutput screen with a new pronpt:
SCREEN PROWPT - "Enter RI GHT Channel Bank Station and Press <Enter>"

Using the information for Cross-section 1,
to input the required data, as follows:

sinply follow the screen pronpts

SCREEN PROMPT -
8. Type

"Enter RI GHT Channe
605 and then Press <Enter>.

Bank Station and Press <Enter>"

SCREEN PROMPT -
9. Type

"Enter LEFT Manning' s n Val ue
.065 and then Press <Enter>.

and Press <Enter>"

SCREEN PROWPT - "Enter CHANNEL Manning's n Value and Press <Enter>"

10. Type .040 and then Press <Enter>.

SCREEN PROWPT - "Enter RIGHT Manning's n Value and Press <Enter>"
11. Type .060 and then Press <Enter>.

SCREEN PROWPT - "Enter Discharge and Press <Enter>"

12. Type 3000 and then Press <Enter>.
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Your screen should now | ook |ike this:

XSEC | D 0 >> STEP - BACKWATER << GROUND PO NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV
|362 505.0 425 499.1 509 498.0 512 496. 9|
602 496. 9 605 498. 2 732 500.1 1020 504.7
Ir L
|| CHANNEL BANK STATI ONS: Left 509.0 Right 605.0 | |
[| MNNING S N VALUES: Left 0.0650 Channel 0.0400 Right 0.0600 | |
|| CHANNEL REACH LENGTHS: Left Channel R ght (.
| Loss CCEFFI C ENTS: Contractn Expansn :Dschrg 3000 |

| w8 ELEV Dept h Top Wd Kratio

| EG ELEV Fl ow Regi e ChanVel Fr oud# I

I I

r 1
|| F2}<- Back Tab F5} PRI NT F6} SAVE F7}Main Menu F8} New XSEC F10}Ed/Ex G Pt | |
| TO BEG N CALCULATI ONS Press <Enter> I

L ]

The program is now ready to begin the calculations since all of the
required data has been entered for the 1st cross-section of our step-
backwat er analysis. Note that even at this point, if any of the data on the
screen has been typed in incorrectly, the user can sinply press the <F2>
key to toggle backwards through all of the input data, even back to the
G ound Points. Renenber that you can instantly go back to the G ound Points
by pressing <F10>, al so.

13. Press <Enter> to Begin the Calcul ations.

Your screen should now | ook |ike this:

XSEC | D 0 >> STEP - BACKWATER << GROUND PO NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV
|362 505.0 425 499.1 509 498.0 512 496. 9|
602 496. 9 605 498. 2 732 500.1 1020 504.7
Ir L
|| CHANNEL BANK STATI ONS: Left 509.0 Right 605.0 |
[| MNNING S N VALUES: Left 0.0650 Channel 0.0400 Right 0.0600 |
|| CHANNEL REACH LENGTHS: Left Channel R ght I
|| Loss CCEFFI CI ENTS: Contractn Expansn :Dschrg 3000 |

| W8 ELEV 501. 03 Dept h 4.13 Top Wd 385 Kratio 1.00 |

!
| F2}<- Back Tab F5} PRI NT F6} SAVE F7}Mai n Menu F8} New XSEC F10} Ed/ Ex Gr Pt |
|
L

|
|
|
|
|
EG ELEV  501.32 Flow Regine M1 ChanVel 5.10 Froud# 0.50 | |
|
|
|
|
|

As you can see fromthe screen, the (100-year) Water Surface El evation (W5
ELEV) has been conputed (501.03), with other vari abl es.
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Before we nove on to enter the data for the next cross-section let's obtain
a printout of this first cal cul ation.

_ Press <F5>.

The screen pronpt will be ...

PRI NT: Summary or Detail ed? Press S or D and <Enter>
Let's obtain a Detailed Printout ... Therefore ...

__ Press D and then Press <Enter>.

Assum ng your printer is turned on, the detailed printout will look I|ike
this:

: Cross Section: O
XLOB: 0 XLCH: 0 XROB: 0 CC O CE O

NLOB: .065 STCHL: 509 NCHL: .04 STCHR 605 NROB: .06

ELEV STAT ELEV STAT ELEV STAT ELEV
505.00 425.00 499.10 509.00 498.00 512.00 496.90
496.90 605.00  498. 20 732.00 500.10 1020.00 504.70

CWSEL EG ELM N QoB CH QROB
Chan Vel HV KRATI O ALCB ACH AROB
Dept h HL Top Wdth STAT- L ST- M DCH STAT-R
Di schar ge L Froude # CH Sl ope EG Sl ope Fl owRegi m

501. 03 501. 317 496. 90 493 2003 505
5.10 0.29 1. 00 228 392 265
4.13 0. 00 385 404. 4 557.0 789.9
3000 0. 00 0. 50 0. 0000 0. 0029

If any of the above variables are unfamliar, a description of each is
provi ded in Appendi x 1.

If you want to save the cross-section data to a different name and/or
directory, before pressing <F8> you can Press <F6>, ( F6} SAVE) , to
performthis.

Now we need to enter the data for the 2nd cross-section. Since we are
entering a new cross-section (New XSEC), we need to ...

_ Press <F8>.

Before the Screen changes you will notice that at the bottom of the screen
a nmessage will briefly appear

SAVI NG TEMPORARY FI LE C. \ QUI CK2\ DATA\ TO. XSC
This alerts you that your cross-section data has been saved to a file
call ed TO. XSC, which is located in your C \QU CK2\ DATA directory.
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Your screen should be bl ank again as shown bel ow

XSEC | D 0 >> STEP - BACKWATER << GROUND PA NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV
CHANNEL BANK STATI ONS: Left R ght
MANNING S N VALUES: Left Channel Ri ght
CHANNEL REACH LENGTHS: Left Channel Ri ght
LCSS COEFFI C ENTS: Contractn Expansn :Dschrg
WS ELEV Dept h Top Wd Kratio
EG ELEV Fl ow Regi e ChanVel Fr oud#
| |F2} <-Back Tab F5}List Files F6}Retrieve File F7}Main Menu F10}Ed/Ex G Pt| |
| F3}Insert G Pt F4}Delete G Pt F1 }HELP I
L ]

_ Following the nethod used before, for the 1st cross-section, enter the
Ground Points one at a tine, by their respective Station and El evation for
the 2nd cross-section using the data provided. Be sure to Press <Enter>
after you have typed in each correct nunber.

_ Once you have entered all of the Gound Points correctly, renenber to
Press <F10> to Exit fromentering G ound Point data

Fol |l ow the on screen pronpts to enter all of the other data.
Renmenmber that if any of the data on the screen has been typed in
incorrectly, the user can sinply press the <F2> key to toggle backwards
through all of the input data, even back to the Gound Points. (You can
al so Press <F10> to go back to the Ground Points imediately for editing).

After entering all the data your screen should now | ook Iike this:

XSEC | D 450 >> STEP - BACKWATER << GROUND PO NTS
STAT ELEV STAT ELEV STAT ELEV STAT ELEV

| 0 510.0 150 504.8 233 502. 2 236 500. 9|
331 500. 9 334 501.8 402 505.5 591 510.1
Ir L
|| CHANNEL BANK STATI ONS: Left 233.0 Right 334.0 | |
[| MNNING S N VALUES: Left 0.0550 Channel 0.0400 Right 0.0600 | |
|| CHANNEL REACH LENGTHS: Left 450 Channel 450 Right 450 | |
| Loss CCEFFI C ENTS: Contractn 0.1 Expansn 0.3 :Dschrg 3000 |

| w8 ELEV Dept h Top Wd Kratio

| EG ELEV Fl ow Regi e ChanVel Fr oud# I

I I

r 1
|| F2}<- Back Tab F5} PRI NT F6} SAVE F7}Main Menu F8} New XSEC F10}Ed/Ex G Pt | |
| TO BEG N CALCULATI ONS Press <Enter> I

L ]
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The program is now ready to begin the calculations since all of the
required data has been entered for the 2nd cross-section of our step-
backwat er anal ysi s.

_ Press <Enter> to Begin the Cal cul ations.

Once the calculation is finished you may ...
__ Press <F5> to obtain a printout
_ Press <F6> to save the data to another name and/or directory

Finally, to finish our analysis we need to enter in the data for the 3rd
Cross-section.

_ Press <F8>

Before the Screen changes you will notice that at the bottom of the screen
a nmessage will briefly appear

SAVI NG TEMPORARY FI LE C. QUI CK2\ DATA\ T450. XSC

This alerts you that your 2nd cross-section data has been saved to a file
cal |l ed T450. XSC, which is located in your C:\QUI CK2\ DATA directory. Notice
that the 450, represents the channel distance between the 1lst and 2nd
Cross-sections.

_ Follow ng the nethod used before for the other cross-sections, enter the
Ground Points one at a tine, by their respective Station and El evation for
the 3rd cross-section using the data provided. Be sure to Press <Enter>
after you have typed in each correct nunber.

_ Once you have entered all of the Gound Points correctly, renenber to
Press <F10> to Exit fromentering G ound Point data .

_ Follow the on screen pronpts to enter all of the other data.
After entering all the data for the 3rd cross-section ..
_ Press <Enter> to Begin the Cal cul ations.

Once the calculation is finished you may ...

_ Press <F5> to obtain a printout
_ Press <F6> to save the data to another name and/or directory

TO EXIT QUT OF THI S SCREEN NOW THAT OUR ANALYSI S | S COVPLETED . .

_ Press <F7>
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You w Il see a screen pronpt at the bottom. ..

SUMMVARY PRI NTOQUT: Press <F5>, ot herwi se Press <Enter>

To print a summary of the output for all 3 cross-sections then ...

_ Press <F5>, ot herw se just Press <Enter>
The on screen Summary or the printed summary will ook like this:
SECNO Q XLCH  CWBEL FR# ELM N AVG VEL. AREA TOPW D

0 3000. 0 0O 501.03 0.50 496.90 3.39 885.0 385.5
450 3000.0 450 503.96 1.06 500. 90 7.54 398.1 196. 9
940 3000.0 490 508.54 0.71 504. 80 4.95 606. 5 286. 2

| If we carefully conpare the Conmputed Water Surface El evations
|| (CWBELs) at each cross-section, to the topographic contours on
| Figure 1, we will see that the property is clearly higher than
| the CWBEL at every cross-section. Therefore this analysis with
| nrore detailed cross-section data has proven that the property
| has been inadvertently included in an unnunmbered Zone A Speci al
| Fl ood Hazard Area.

Turn to the next page to continue > > > r
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RUNNI NG HEC-2 USI NG QUI CK-2 FILES {Tutorial Time: 5 m nutes}

_You wll be pronpted one nore tinme to Press <Enter>. The next pronpt w ||
ask you a question concerning running the HEC-2 or PLOT-2 prograns.

Press Y and <Enter> to rerun w HEC-2 or PLOT-2: |If NO Press <Enter>

_ For purposes of this tutorial let's answer "Y' , (and Press <Enter>) to
run the HEC-2 program The next screen that will appear will include the
fol | ow ng:

To Run Type

QUI CK- 2 Q

HEC- 2 H2

AUTCHEC- 2 AH2

PLOT- 2 P2

VI EW PRI NT LI ST

_ Type AH2 and Press <Enter>.

Once the HEG-2 run is conplete it will return you to the above-nentioned
screen.

NOTE: Typing AH2 runs the HEC-2 program automatically using the QU CK-2
gener ated HEC2. DAT, HEC-2 data file.

If you are using a HEC-2 data file other than HEC2. DAT, then Type H2 and
Press <Enter>. Follow the directions on the screen for nam ng the |nput,
Qut put and Tape95 files; pressing <Enter> after each filenane is typed in.

_ Type LIST and Press <Enter>, and then enter your output filenane,
(Default is HEC2. QUT), to view the results. Note that you nove up, down and
across the screen using the <Page UP>, <Page Down>, the cursor keys, etc.

_ To Print the data that appears on the screen sinply Press P.

_ To Exit fromthe screen sinply Press X or the Escape key.

If you would like to conplete the next tutorial exanple, then

Type @ and Press <Enter>; and, turn to the next page. ———»»» >
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RERUNNI NG USI NG SAVED CROSS- SECTI ON FI LES
{Tutorial Tinme: 5 m nutes}

Let's say that in the analysis that was perforned in the previous tutorial,
we want to change the discharge from 3000 to 5000, and run the step-
backwat er option again wth the sane cross-sections. This is quite easily
done. Just follow the steps as shown bel ow.

1. At the Main Menu Screen Type 4 and Press <Enter>

2. At the Starting Water Surface El evation Method Screen
Type .0029 and Press <Enter>

3. At the Input/Qutput Screen Press <F6> to retrieve a saved cross-
section file

Assum ng your 1st cross-section file is stored as
C. \ QUI CK2\ DATA\ TO. XSC

Type C and Press <Enter> when pronpted for the directory
Type QUI CK2\ DATA & Press <Enter> when pronpted for the subdirectory
Type TO and Press <Enter> when pronpted for the fil enane

4. Press <F2> to toggle back to the "Enter Discharge" pronpt
5. Type 5000 and Press <Enter> to enter the new di scharge

6. Press <Enter> to Begin the Cal cul ations

7. Press <F8> to input another cross-section
Press <F6> to retrieve a saved cross-section file

Assum ng your 2nd cross-section file is stored as
C. \ QUI CK2\ DATA\ T450. XSC

Type C and Press <Enter> when pronpted for the directory
Type QUI CK2\ DATA & Press <Enter> when pronpted for the subdirectory
Type T450 and Press <Enter> when pronpted for the fil enane

8. Press <F2> to toggle back to the "Enter Discharge" pronpt
9. Type 5000 and Press <Enter> to enter the new di scharge

10. Press <Enter> to Begin the Calcul ations
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11. Press <F8> to input another cross-section

Press <F6> to retrieve a saved cross-section file

Assum ng your 3rd cross-section file is stored as
C. \ QUI CK2\ DATA\ T940. XSC

Type C and Press <Enter> when pronpted for the directory
Type QUI CK2\ DATA & Press <Enter> when pronpted for the subdirectory
Type T940 and Press <Enter> when pronpted for the fil enane

12. Press <F2> to toggle back to the "Enter Discharge" pronpt
13. Type 5000 and Press <Enter> to enter the new discharge

14. Press <Enter> to Begin the Cal cul ations

__ Press <F7> to Exit out of the screen

_ Press <F5> to obtain a summary printout

_ Press <Enter> twice to get back to the main nenu

_ Press <F10> to | eave the program

QE. D.
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CHANNEL CAPACI TY OPTION W TH THE RATI NG CURVE PLOT
{Tutorial Tinme: 5 to 10 m nutes}

Let's say that we need to determ ne a Base Flood Elevation (BFE) for the
property shown in Figure 1. W do not want to exenpt the entire property
fromthe flood plain, only a structure which is located in the mddle of
the property. Therefore, we can use one cross-section (the 2nd cross-
section (T450. XSC) from our previous tutorial and shown on Figure 1), to
conpute a BFE

Let's assune that we know the discharge is between 3000 cfs and 4000 cfs
based on our best estimtes.

Let's assunme our structure does not have a basenent; the |owest adjacent
grade (LAG to the house is at elevation 510 NGVD, and the first floor
el evation (FFE) is 510.5 NGVD.

Let's determne the maximum carrying capacity of the floodplain using a
depth equal to the |owest adjacent grade (510.0) mnus the m ninmum stream
el evation (500.9). For purposes of this exanple we'll use a depth of 9 feet
(510-501).

To perform a channel capacity calculation we also need to know the
downstream slope, which in this case is easy to conpute from the
i nformati on on page 15. Slope = 500.9 - 496.9 / 450 = . 0089.

The graphi c bel ow suns up our situation so far:

00000O0O0OOOO
|m
| |
A FFE = 510.5
\ %l LAG = 510.0

Stream | nvert = 500.9

Foll ow the steps as shown on the next page to conpute the rating curve

> > »
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1. At the Main Menu Screen Type 2 and Press <Enter>

2. At the Shape of Cross Section Screen
Type | and Press <Enter>

3. At the Input/Qutput Screen Press <F6>

We are using the 2nd cross-section file stored as
C. \ QUI CK2\ DATA\ T450. XSC

Type C and Press <Enter> when pronpted for the directory
Type QUI CK2\ DATA & Press <Enter> when pronpted for the subdirectory
Type T450 and Press <Enter> when pronpted for the fil enane

4. Type .0089 and Press <Enter> to enter the slope

5. Type 9 and Press <Enter> to enter the depth

6. Press <Enter> to Begin the Cal cul ations

7. Press <F4> to Plot to screen .... Press <F5> to Print

Looking at the rating curve plot we can see that for a discharge range of
bet ween 3000cfs - 4000cfs the BFE ranges from about 504.3 to 504.8. Since
our | owest adjacent grade and first floor elevation are at or above 510, it
is clear that this structure is above the BFE.

000000OOOO
|m
| |
I S FFE = 510.5
%l LAG = 510.0

Stream I nvert = 500.9

Sl ope . 0089

8. Press <Enter> to continue
9. Press <F7> to go back to the Main Menu

10. Press <F10> to Exit the program
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PLOT- 2

In general PLOT-2 will only work on QU CK-2 files that have been converted into HEC 2
format using QU CK-2's Step-Backwater option.

Profile plots fromPLOT-2 will work only if the QU CK-2 generated data file (HEC2. DAT) is
al so run using the HEC-2 program (see Running HEC-2 Using QU CK-2 Files, page 4-18), since
a HEC2.T95 file needs to be generated by the HEC-2 program for use by PLOT-2.

PLOT-2 Cross-section plots can be generated using the QUJCK-2 generated data file

(HEC2. DAT) even if it is not run with HEC-2. However, the Cross-section plot will not show
the conputed water surface elevation (CWEL) unless the QU CK-2 HEC2. DAT file is run with
HEC- 2, since the CABEL is found on the HEC2.T95 file.

Note that the user can conpute a nornmal depth elevation for only one cross-section and
have that cross-section plotted by choosing the Step-Backwater option and the Nornmal Depth

starting water surface elevation nmethod. Once the conputation is finished, the user sinply
exits (Presses <F7>), and the QU CK-2 program automatically creates the HEC2. DAT file for
t hat one cross-section, which can be used by the PLOT-2 program

Let's say that we want to view the water surface elevation profile and the
cross-section plots from our previous tutorial on the Step-Backwater
opti on.

Fromthe QU CK-2 Title screen Press P2

You are now into the PLOT-2 program Press <Enter> to continue

PRCFI LE PLOT {Tutorial Tine: 5 to 10 mi nutes}

1. Let's viewthe profile first. Press 1 fromthe PLOT-2 main menu
sel ection

2. Cursor to the HEC2 Tape95 file nane entry and Type ?

This will list all of the data files in the QUCK-2 directory. T95 files
are designated with the 3 letter extension .T95 . Therefore cursor over to

hi ghlight that file (HEC2. T95) and Press <Enter>.

3. Move up to highlight the Plot profiles entry and Press <Enter>.

4. Your profile is now plotted. Pressing <Enter> noves you back to the
Profile plots main nenu screen. You can explore the different Profile and
Plotting options and replot the profile if you w sh.

5. When you are finished plotting, highlight the Return to main nenu
message and Press <Enter>
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CROSS- SECTI ON PLOT  {Tutorial Time: 5 to 10 mi nutes}

1. Fromthe PLOT-2 main menu Press 2 fromthe nenu sel ection.

2. Cursor down to the HEC2 input file nane entry and Type ?

This will list all of the data files in the QUCK-2 directory. Input files
are designated with the 3 letter extension .DAT . Therefore cursor over to
highlight that file (HEC2. DAT) and Press <Enter>. If we want to view a
different data file than that of the profile we previously viewed, we would
have to specify a different file here before proceeding.

3. Cursor down to the HEC2 Tape95 file nane entry

Note that we do not have to re-enter this file since we have already
entered it previously. If we want to view a different Tape95 file than that
of the profile we previously viewed, we would have to Type ?, and then
specify a different file here before proceedi ng.

4. Move up to highlight the Plot cross sections entry and Press <Enter>.

5. You now have the option of printing all or selected cross sections from
your data file. Press Y for plotting all, or N for plotting sel ected cross
secti ons.

Your first cross-section is now plotted. Pressing <Enter> noves you back to
the Cross-section plots main nmenu screen or plots additional cross-sections
depending on how nany cross-section plots you have. You can explore the
different Cross-section and Plotting options if you w sh.

6. Highlight the Return to main nmenu nessage and Press <Enter>

Pressing 4 at the PLOT-2 main nmenu exits you from PLOT-2 and back to the
QUICK-2 title screen.

Note: To use PLOT-2 and to access data files that are in another directory
(i.e., they are not in the C\QUCK2 directory), just change to that data
directory (i.e., CD\dirnane) and access PLOT-2 by typing C \QU CK2\ PLOT2
(or A\PLOT2 if wusing the program from the floppy drive) from that data
directory.
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QUI CK-2 User's Cuide Critical Depth Formul as

1. CRITI CAL DEPTH

In every cross-section for a given discharge there exists a critical depth, where the
energy grade (depth of water plus velocity head - V/2@ is at a mininum Increasing the

di scharge above this given discharge will force the flow into the super-critical regine.
Di scharges below the given discharge wll remain in the sub-critical regi e.
Super-critical depths will be lower than the critical depth, and sub-critical depths wll

be above the critical depth. Super-critical flow is characterized by small water depths
with large velocity heads; while, sub-critical flowis characterized by | arge water depths
with small velocity heads. A rule of thunb used to determine critical depth is that when
the Velocity Head equals 1/2 the hydraulic depth (Area/ Topwidth) «critical flow is
pr obabl e.

A formul a which can be used to approxi mate critical depth (D) is
gi ven bel ow,

@’/ g=AIT

VWere Q is the discharge (in cfs) based on critical depth, g is the gravitational
constant (32.15 feet/second squared), A is the cross-section area (in square feet), and T
is the top wdth of the water surface (in feet). Note: for rectangul ar channels the above
equati on can be reduced so that

D, = (Q/5.67 T) .

The nore exact way to conpute critical depth (mninum specific energy) is to find a
specific depth of water within a cross-section for a given discharge which produces the
| owest energy grade. The following represents the process that the Critical Depth option
of QUI CK-2 goes through to calculate critical depth

After the cross-section information (ground points, channel stations, etc.) has been input
the program starts conputing the water surface elevation (WSE) and correspondi ng energy
grade elevation (EG at a depth of 0.1 foot above the l|owest elevation in the
cross-section. It continues to calculate WSE and EG at intervals of 0.5 foot. As the depth
of water in the cross-section increases the EG will decrease. At one point the EG will
begin to increase. This nmeans that between the last 0.5 foot interval there exists a
m ni mrum energy grade. Once this has occurred the program decreases the WBE in intervals of

.02 foot. As the depth of water decreases in the cross-section the EG will also decrease
as it approaches the mninmum specific energy. At one point the EG will begin to increase
agai n.

This means that between the last .02 foot interval critical depth exists. At this point
the screen will display the actual critical water surface elevation (along with other
variabl es) by assuming that the next to the last iteration was the critical depth.

The cal cul ations performed by the program for a given cross-section are |listed on the next

page. The calculations include the iterations that the program goes through to arrive at
critical depth.
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ELM N = 92.5

WBE = 92.6 Q= 6.026845E-02 Q& 260 EG=466080. 8 EG Decr easi ng
WBE= 93.1 = 5.314738 & 260 EG=452. 6406 - |

WBE= 93.6 = 24.18726 & 260 EG=125. 4259 - |

WBE= 94.1 = 61.71717 & 260 EG=101. 21 - |

WBE= 94.6 = 121.451 & 260 EG=96. 99928 - |

WBE= 95.1 Q= 204. 4488 & 260 EG=96. 14474 - v

WBE= 95.6 Q= 311.15 Q& 260 EG=96. 14897 + EG I ncreasing

Therefore M nimum Specific Energy is between WSE's of 95.1 and 95.6. Note also that the
Di scharge (Q = 260) is also within the computed Critical Discharge (Q) range of 204 -
311.

WBE= 95.58 Q= 306. 5006 & 260 EG=96. 14179 - EG Decreasi ng
WBE= 95.56 Q= 301.8821 & 260 EG=96. 13499 - |

WBE= 95.54 Q= 297.2962 & 260 EG=96. 12863 - |

WBE= 95.52 = 292.7447 & 260 EG=96. 12271 - |

WBE= 95.50 = 288.2256 & 260 EG=96. 11724 -

WBE= 95.48 = 283.737 & 260 EG=96. 11225 -

WBE= 95. 46 = 279.2825 & 260 EG=96. 10776 -

WBE= 95.44 = 274.8583 & 260 EG=96. 1038 - v

WBE= 95.42 = 270.4678 & 260 EG=96. 10038 -

WBE= 95. 40 = 266. 1075 & 260 EG=96. 09752 -

WBE= 95.38 = 261.7806 & 260 EG=96. 09525 -

WBE= 95. 36 = 257.4854 & 260 EG=96. 09361 -

WBE= 95.34 = 253.22 & 260 EG=96. 09262 -

WBE= 95.32 = 248.986 & 260 EG=96. 09199 mini num v

WBE= 95. 30 Q= 244.76 & 260 EG=96. 09271 + EG Increasing
We assune that ... Critical Depth = 95.32', M ninum Specific Energy = 96.09199

The Froude nunmber would be, Q/ Q, or 260 / 248.986 = 1.04.

It is not unusual for the Froude nunber to not equal exactly 1.0, since the calculation of
critical discharge using the fornula Q®/ g = A/ T, does not always yield a WSE that
is exactly at the True m ni mum specific energy.

You should notice fromthe above tabul ation, that as you approach critical depth (m ninmm
specific energy), for very small changes in EG there are large junps in the water surface
el evation. The EG is only changing by .001' to .003" while the WSE changes by .02'. A
0.01" difference in EG can cause a 0.10" change in W5E.
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2. CHANNEL CAPAC TY

In this option, a Nornmal Depth elevation (see 3. NORMAL DEPTH) is input and the program
conputes the correspondi ng di scharge. (In the Normal Depth option, the discharge is input
and the program conputes a normal depth elevation). The Manning's equation is used as the
formula for determining the (normal) discharge.

Q=1.486 A (R*) S°/ N

VWere Qis the discharge (in cfs), Ais the cross-section area (in square feet), Ris the
hydraulic radius (in feet), S is the energy slope (in feet/feet), and N is the Manning' s
roughness val ue.

After the cross-section information (ground points, channel stations, streanbed sl ope,
normal depth elevation(s), etc.) has been input, the program sinmply solves for the area
(A) and hydraulic radius (R) below the normal depth el evation (specified by the user) and
conputes the (normal) discharge directly using the Manning's equation. This is not an
iterative process. The screen will display the (normal) discharge (which represents the
channel capacity) along with other variabl es.
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3. NORNVAL DEPTH

The standard fornula for determining normal depth in a cross-section is the Mnning' s
formula. Water is flowing at normal depth when the energy grade and the hydraulic grade
(water surface) slopes are the sane as the stream bed slope. Normal depth profiles occur,
in general, when the flow is uniform steady, one-dinensional, and is not affected by
downstream obstructions or flow changes. The standard Manning's equation is:

Q=1.486 A (R*™) S° /N

VWhere Qis the discharge (in cfs), Ais the cross-section area (in square feet), Ris the
hydraulic radius (in feet), S is the energy slope (in feet/feet), and N is the Manning' s
roughness val ue.

The exact method for conputing normal depth for a given discharge at a particular
cross-section, is to assune that Sis equal to the downstream streanbed sl ope and to sol ve
iteratively for the depth (this obviously assunmes N is known). The follow ng represents
the process that the Nornmal Depth option of QU CK-2 goes through to cal cul ate nornal
dept h.

After the cross-section information (ground points, channel stations, discharge, streanbed
sl ope, etc.) has been input, the program starts conputing discharge using the Manning's
equation at an initial depth of 0.1 foot above the |owest point in the cross-section, and
fromthat point in 0.5 foot intervals. At sone point, the conputed discharge will exceed
the given target discharge. The program then uses a converging technique to conmpute a
di scharge (with a correspondi ng nornmal depth) that is within 1% of the given discharge. At
this point the screen will display the actual normal depth water surface el evation (along
with other variables).

The cal cul ations performed by the program for a given cross-section are |listed bel ow The
calculations include the iterations that the program goes through to arrive at nornal
dept h.

ELM N= 92.5

WBE = 92.6 Q= 260 Conputed Q= .023579 bel ow target Q
WBE= 93.1 & 260 Conputed Q= 2.803083 bel ow

WBE= 93.6 & 260 Conputed @& 14.11313 bel ow

WBE= 94.1 & 260 Conputed Q= 38.33264 bel ow

WBE= 94.6 & 260 Conputed Q= 80.01045 bel ow

WBE= 95.1 & 260 Conputed @& 146.9773 bel ow

WBE= 95.6 & 260 Conputed @& 245.9516 bel ow

WBE= 96.1 Q= 260 Conputed Q= 369.2461 above target Q
WBE= 95. 65697 & 260 Conputed @= 258.7531 within 1%

We assune that ... Normal depth = 95.66 for a Discharge (Q of 260 cfs
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4. STEP- BACKWATER

The Energy Equation which represents one-dinmensional, uniform and steady flow in open
channel s i s shown bel ow.

(1) WSE, + HV, = WSE, + HV, + HL + OL

VWere WBE, is the water surface elevation at the downstream cross-section, HV, is the
velocity head at the downstream cross-section, WSE, is the water surface elevation at the
upstream cross-section, HV, is the velocity head at the upstream cross-section, HL is the
friction loss between the two cross-sections, and O. is the eddy (contraction or
expansi on) | oss between the two cross-sections.

Vel ocity Head, HV, is calcul ated as foll ows:
HV = (a) VV/ 2g

VWere (a) is alpha the velocity coefficient, V is velocity (QA), and g is the
gravitational constant. Al pha (a) is calculated as foll ows:

(A% | KI'® Ke®  Kr® |
(@) = —--- | 4 e ke
(K | AlZ Ac® A’ |
VWere A and K are the total area and conveyance bel ow the water surface, respectively; and

Kl, Kc, Kr and Al, Ac, Ar, are the conveyance and area in the |eft overbank, channel, and
ri ght overbank, respectively.

Friction Loss, HL, is calculated as foll ows:

HO = w( Q+Q )2/ ( K, +K )°?

VWhere Lw is the discharge weighted reach length between cross- sections, Q is the
di scharge at the downstream cross-section, Q is the discharge at the upstream cross
section, K, is the conveyance at the downstream cross-section, and K, is the conveyance
at the upstream cross-section. This is derived fromthe Average Conveyance Friction sl ope
equat i on.

The Di scharge Wi ghted Reach Length, Lw, is calcul ated as foll ows:

tw = {(L * Q) + (Lc * Q) + (Lr * Q)} / Q

VWere Qa is the average total discharge between cross-sections; and, LI, Lc, Lr, and Q@,
@, Q, represent the reach length and average discharge between cross-sections for the
| eft overbank, channel, and right overbank, respectively.

Eddy Loss, O, is calculated as foll ows:

O = (Ceor C) * ABS |HY, - HV|
VWere Ce is the expansion coefficient, Cc is the contraction coefficient, HV, 1is the
velocity head at the downstream cross-section, and HV, is the velocity head at the

upstream cross-section. Wen HV, is greater than HY, Ce is utilized. Wen HV, is greater
than or equal to Hv, Cc is utilized.
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After the cross-section information for the first cross-section has been input, either a
known water surface elevation is input to start the calculations or the water surface
el evation coul d have been deternmined by the Normal or Critical Depth options or by another
source or nethod. The program then computes all pertinent variables for the first
cross-section that wll be needed for an energy balance with the next upstream
cross-section. After this the user nust put in the appropriate information for the next
cross-section (i.e., ground points, channel stations, reach |engths, contraction and
expansi on coefficients, etc.). Once this is done the program perforns a series of tria

iterations to make sure that the Energy Equation (1) listed previously will balance to
within .014 foot. The sequence of trial elevations is |isted bel ow.

1ST TRI AL

Uses the depth of water (DP) of the previous cross-section added to the |owest elevation
(ELMN wthin the current cross-section. If DP + ELMN is less than the previous WSE
(i.e., adverse slope condition) then the program uses the previous WBE for the 1lst tria
at the current cross-section

2ND TRI AL

Uses the average of the conputed WBE and the WBE assuned in Trial nunber 1.

3RD TRIAL AND ON .. .:

Uses a formula designed to help converge quickly to balance the energy equation as shown
bel ow:

Trial WSE = WSE- (WBE+HV- DG HL- OL) / (1- ((Q QC) %) +((1.5%HL) / (A W))

VWhere WSE, Hv, H.,, O, Q A and W are the latest conputations of water surface
el evation, velocity head, friction loss, eddy loss, critical discharge, total area, and
total wetted perineter, respectively; and, DG is the conputed energy grade elevation from
t he previous cross-section; and, Qis the discharge at the current cross-section

For nost energy bal ances between cross-sections that are not at or near critical flow, the
program wi | | bal ance the energy equation within 5 trials.

The cal cul ations performed by the program for an energy bal ance between two cross-sections
are |listed below The calculations include the iterations that the program goes through to
arrive at the energy bal ance.

WBE WBE

Assuned Cal cul at ed D fference Trial #
98. 75 98. 32489 +. 4251099 1
98. 53744 98. 32472 +.2127228 2
98. 32476 98. 32513 -. 00037 3

We assune that the correct WBE = 98. 32

Not e: Energy balance in this case was accurate to .00037 foot.
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Appendi x 1. Definition of Variables

ACH - Area within the specified channel below the water surface el evation
ALOB - Area within the specified | eft overbank bel ow the water surface el evation
AROB - Area within the specified right overbank bel ow the water surface el evation

ALPHA - Vel ocity head coefficient

AREA or Area - Total area within the cross-section below the water surface el evation
AVG VEL or Velocity - Average Velocity within the entire cross-section

Base Wdth - Channel bottomw dth of a trapezoidal or rectangul ar cross-section
Bottom Wdth - Channel bottomw dth of a trapezoidal or rectangul ar cross-section
cC - Contraction Coefficient

CE - Expansi on Coefficient

CH SLOPE - Sl ope of the streanbed, Channel Sl ope

CHAN- VEL or ChanVel - Velocity within the main channel of cross-section

Critical Slope - Slope of the Energy Grade line at Critical Flow

CWBEL - Conputed water surface elevation within a cross-section

Depth - Max depth of water in the cross-sect as neasured bel ow the water surface el evation
D aneter - Wdth or Height of a circular pipe

Di scharge - The rate of the flow of a volume of water within a cross-section, usually
expressed in cubic feet per second (cfs)

EG or EG ELEV - Energy grade el evation, expressed as, WSE + HV

EG Sl ope - Energy grade slope

ELEV - Elev of a ground pt of a cross-sect, as ref to sone datum (i.e., NGVD, NAVD, etc.)
ELM N - Lowest elevation in a cross section

Fl ow Regi me - Type of water surface profile (Supercritical regimes are not conputed)
ML: EG Slope <= Ch-Slope and FR# < .8 M2: EG Slope > Ch-Slope and FR# < .8
Cl: EGSlope <= Ch-Slope and FR# >= .8 C3: EGSlope > Ch-Slope and FR# >= .8

Fl ow Type - either, Supercritical, Critical or Subcritical

Froude#, Froude No., Froud# or FR# - Froude nunber, used to determine the flow type
(i.e., sub- (FR# < 1), critical (FR# = 1) or super-critical (FRZ > 1) flow)

HL - Friction | oss between cross sections

HV - Vel ocity head

Hyd Radius or Hyd R - Hydraulic Radius: equal to (Area / Wt Perineter)
A1



QU CK-2 User's Quide Definition of Variabl es
KRATI O - Ratio of upstreamtotal conveyance to downstreamtotal conveyance

L Side Slope - Ratio of the slope of the left side of a channel in terms of Horizontal
distance in feet to 1 foot Vertical.

Manning's n - Coefficient used to account for the friction caused by earthen, vegetative,
and/ or man-made surfaces within a floodplain cross-section.

Max Di scharge - The maxi mum flow possible within a circular pipe, (usually occurring at
.94 * Dianeter).

NCHL, NLOB, NROB - Manning's "N' value for the specified channel, |eft overbank, and right
over bank, respectively.

OL - Expansion/contraction | oss

Q - Total discharge in the cross-section

QC - Critical discharge within entire cross-section for a specific water surface el evation
QCH - Discharge within the specified channel of a cross-section

QC - COitical discharge within the entire cross-section for a specific water surface
el evation, assumng that critical flow is limted to the channel, even if flow is
occurring in the overbanks

QOB, QOB - Discharge within the specified left overbank, and right overbank,
respectively, of a cross-section

R Side Slope - Ratio of the slope of the right side of a channel in terns of Horizontal
distance in feet to 1 foot Vertical.

SECNO - Cross section nunber or identifier
Sl ope or EG Sl ope - Energy grade sl ope

STAT-L, STAT-R - Station, within a cross-section, of the left edge, and right edge,
respectively, of the water surface

STAT - Station of a ground point of a cross-section

STCHL, STCHR, ST-MDCH - Station of the left bank, right bank, and md-point,
respectively, of a cross-section

Top Wdth or Top Wd - Top width of the water surface within a cross-section
Vel ocity - Average Velocity within the entire cross-section

Wet Perinmeter or Wet Per - actual width of ground within a cross-section below the water
surface el evati on.

W5 ELEV or CWBEL - Water surface elevation within a cross-section

XLCH, XLOB, XROB - Distance between cross-sections as neasured along the channel, |eft
over bank, and right overbank, respectively.
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Hydraul i ¢ Computer Manual s

HEC- 2

US. Ay Corps of Engineers, Hydrologic Engineering Center (HEC), "Water
Surface Profiles, HEC-2, User's Manual," Davis, California, 1991.

HEC- RAS

U.S. Arny Corps of Engineers, Hydraulic Engineering Center (HEC), "HEC RAS,
River Analysis System User's Manual - Draft," BETA 2 Test Version, Davis,
California, February 1995.

PSUPRO

Federal Enmergency Managenent Agency, "PSUPRO Encroachnment Analysis User's
Manual ", Washi ngton, D.C., 1989.

SFD

Federal Emergency Managenent Agency, "Sinplified Floodway Determ nation
Conput er Program User's Manual ", Washington, D.C, 1989.

WEPRO

U S. Geol ogical Survey, "Water Surface PROiles, WBPRO User's Manual, Reston,
Virginia, 1990.

WEP2

U S. Departnment of Agriculture, Natural Resources Conservation Service, "WsP2

Conputer Program User's Manual", Technical Release No. 61, Washington, D.C.,
1976.
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VWor ksheet

Base Fl ood El evati ons

in Zone A Areas

Conmuni ty Nane: State: __

Conmunity | D# : Panel #: FI RM Dat e:

Project ldentifier

This request is for: Existing [ ] Proposed [ ] <5 acres [ ] >5 acres [ ]
Single Lot [ ] Milti-Lot [ ] <50 1lots [ ] >501lots [ ]
O her

EXI STI NG DATA

Avai | abl e Not Avail abl e D d Not Check
FEMA [ ] [ ] [ ]
Feder al [ ] [ ] [ ]
Q her [ ] [ ] [ ]
SI MPLI FI ED Contour Interpolation [ ] Data Extrapolation [ ]
DETAI LED
Hydraulics Normal Depth [ ] Weir Flow [ ] Culvert Flow [ ]
O her
Hydr ol ogy Regr essi on Equations [ ] Rational Formula [ ]
Di schar ge- Dr ai nage [ ] TR- 55 [ ]
O her
Topogr aphy Topographic Map [ ] or Field Survey [ ]
Map Scale: 1" = ' Contour Interval: '
Field Survey tied to Datunf YES NO N A
Datum NGVD 1929 [ ] Q her
# Cross-Sections | ] Length of Stream ft
------------------------------------------ RESULTS - - - - - s mm e e e
BFE or Dept h of 100-year Fl ood
First Floor Elevation or Dept h

Lowest Adjacent Grade to Structure

Lowest Grade on entire Property

N A
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